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THE ECHO-FREE ROOM IN THE RESEARCH LABORATORIES. 


Adjusting a fluorescent tube choke preparatory to measuring the almost inaudible purr. 





Research in Industry 


By O. W. HUMPHREYS, B.Sc., F.Inst.P., M.1.E.E. 
Director, G.E.C. Research Laboratories. 





NDUSTRIAL research 
laboratories provide many 
vital services to their 
parent companies. Some, 
but by no means all of them 
do a modicum of research : 
very few would claim to 
devote the whole or even the 
major part of their effort to it. 
Research I would define 
broadly as the search for new 
knowledge : development as 
the application of existing 
knowledge. Research, from 





This article 1s based on a lecture 
delivered by the author in 
Hobart and Melbourne to joint 
meetings of the Institution 
of Engineers of Australia, the 
Institution of Electrical Engineers 
and the Institute of Physics. The 
photographs have been selected to 
show various types of research 
in progress in the Laboratories 
at Wembley, and are not intended 
to illustrate the subject matter of 
the article. 


more detailed investigation of 
these properties, and of means 
whereby they could be con- 
trolled or modified, came 
within my definition of basic 
research. As soon as effort 
was diverted to the study of 
a particular problem, con- 
cerning which knowledge was 
needed that development 
might proceed, the area em- 
braced by objective research 
was entered. 

To which of these four 








the point of view of an 








fields of research should in- 





industrial research laboratory, 
may be of several kinds. 
clearly distinguish : 

Fundamental Research: The pursuit of know- 
ledge for its own sake with no thought as to its 
practical application; knowledge, indeed, of such 
a kind that it is most unlikely to exercise any 
influence on industrial development for very 
many years. 

Exploratory Research: Investigations aimed 
at the identification of new fields for industrial 
exploitation. 

Basic Research: Studies in specific fields of 
interest for the purpose of providing, or broaden- 
ing, the scientific basis for development. 

Objective Research: The search for solutions 
to specific problems encountered in the course 
of development: the filling of recognised gaps 
in basic knowledge. 


We can, I think, 


One or two examples may be helpful. Atomic 
research—at least during the 40 years or so 
immediately following J. J. Thomson’s dis- 
covery of the electron—was clearly fundamental. 

Early studies of the properties of semi- 
conductors, and of the physical explanations 
of these properties, fell, from the point of view 
of the industrial research laboratory, into my 
second class. The industrial potentialities of 
these materials having been recognised further, 


dustry contribute ? It bene- 
fits from all, although it may not feel the influence 
of fundamental work for half-a-century and 
may have to wait one or two decades before 
deriving dividends from exploratory research. 
Since one cannot say of any research, however 
fundamental, that it may not ultimately lead to 
development of great commercial importance, 
it is not unreasonable that industry should play 
its part in support of even these very long term 
investigations. 

This does not mean that industry should 
necessarily devote its own scientific resources to 
research of a purely academic character: 
it would, indeed, be impossible for it to do so 
save possibly in a few of its largest research 
laboratories. It will be generally conceded that 
the natural home of this kind of work is in the 
research schools of our universities, or perhaps 
in some of our national research laboratories. 
But industry can help, and has done so on a very 
substantial scale, by such means as the establish- 
ment of professorial chairs, or by the granting 
of university scholarships or post-graduate 
fellowships to promising young men and women. 

As we move from the fundamental investiga- 
tions in the first category through the increasingly 
specific researches in the second and third, 
the direct contribution made by industry should 
progressively increase, until by the time the 
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A research worker operating the physical eye photometer. 


engineer-sponsored problems of the fourth 
category are reached, industry should find itself 
very largely self-sufficient. Anyone familiar 
with the way in which the work to which I 
have already referred in the field of semi- 
conductors has been shared between the uni- 
versities and industry will realise how well the 
path I have been trying to define has been fol- 
lowed in this case. 

Industry’s direct contribution may be made 
through research carried out on either a com- 
pany or an industry basis. Co-operative research 
has been organised in a big way in Britain through 
the medium of the Research Associations. 
Encouraged by substantial financial contribu- 
tions from the Government, granted through 
the Department of Scientific and Industrial 
Research, some 42 industries have set up 
Research Associations since the first World War. 

The government, in spite of its substantial 
financial interest in the work of the Research 
Associations—its grants total some 40 per cent 
of the total expenditure—has wisely refrained 
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from attempting to mould 
them to any stereotyped pat- 
tern. The individual asso- 
ciations, through their councils, 
enjoy complete autonomy both 
in the administration of their 
affairs and in the determination 
of their programmes. Full 
advantage has been taken of 
this freedom and there is a 
wide variation between the 
ways in which the various 
associations serve their parent 
industries. 

Inevitably views differ, es- 
pecially as between the larger 
industrial units able to support 
extensive laboratories of their 
own and the smaller units, as 
to the legitimate scope of the 
programme of research asso- 
ciations. The smaller units 
expect a good “consultant ” 
service. They receive it in so 
far as they realise that, to derive 
full value from the advice they 
receive, they must have on 
their own staffs technical people 
able to understand and apply 
the advice. The larger com- 
panies tend to encourage the 
research associations to con- 
centrate either in the field of 
exploration or on clearly de- 
fined objective researches of 
common interest to manufacturers which it 
would be uneconomic for each to tackle on his 
own. Between these two sections of the research 
field there is a region, roughly coinciding with 
my third category, in which the very close coup- 
ling existing between successful research and 
profitable development introduces a_ highly 
competitive atmosphere. It is in this region that 
it is most difficult for these Research Associations 
to operate. 

Industry, then, may support fundamental 
research in the universities: it may pool its 
resources by supporting co-operative research 
organisations, but it is in individual companies’ 
laboratories that research in industry finds its 
spiritual home. And, paradoxically enough, 
it is frequently in these laboratories that the 
achievement of true research, in the sense that 
I have defined it, proves most difficult. 

The industrial laboratory has several func- 
tions to fulfil, factory service and development 
frequently competing with research for all too 
limited resources. So important is the influence 
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of this competition that no one competitor can 
be considered in isolation. It is by reviewing 
the needs of each that we can best determine how 
a fair allocation of resources can be achieved. 


FACTORY SERVICE. 


Factory service comprises day-by-day assist- 
ance in solving problems arising in production. 
I need not emphasise the importance to the 
factory of its own technical staff; technology 
today plays so important a part in manufacture 
that production-engineering is becoming in- 
creasingly the proper interest of the applied 
scientist. Self-sufficiency on the part of the 
factory’s technologists in the handling of the 
routine problems of production should be 
encouraged ; they are the general practitioners ; 
the research laboratories provide the specialists. 
The specialists’ function is to advise. The 
research laboratory should not take over 
direct responsibility for production : if it has to, 
something is badly wrong. Again I would 
emphasise that the laboratories’ ability to 
help is largely determined by the calibre of the 
factory technologists. The more able they are, 





A scientific glass blower making a mercury vapour pump. 


the greater is the assistance which the research 
laboratory can give them. 


DEVELOPMENT. 


The responsibility for development—the ap- 
plication of existing knowledge to the designing 
of new products or the development of new 
manufacturing techniques—is properly shared 
by the factory and the laboratory, the share taken 
by each differing widely according to the kind of 
product or process involved, the respective 
abilities of the two teams of development 
engineers, and the psychologies and philosophies 
of the managements concerned. On occasion, 
the laboratory may go so far as to develop both 
the product and the manufacturing techniques 
to be employed for its production ; it may even 
undertake pilot production and _ ultimately 
hand over a completely developed process to the 
factory. On the other hand, the participation of 
the laboratory may be restricted to the investiga- 
tion of a few specific matters and the considera- 
tion of limited aspects of the development 
referred to it by the factory. 

The first of these ways of working may well be 
appropriate when the manu- 
facturing technique is the es- 
sence of the development, as, 
for example, in the case of a 
new type of electric boiling 
plate. The second method is 
more suitable where no new 
manufacturing process is in- 
volved and one is concerned 
rather with the evolutionary 
development of a tried product. 

Development tends at times 
to spill over into the field of 
research. Every effort should 
be made to avoid this; the 
essence of good development 
is speed; the development 
engineer should be working 
to a close time schedule and, 
when confronted with a prob- 
lem which research alone can 
solve, his endeavour should 
be to by-pass it or to find an 
adequate empirical solution. 
If, with future development 
in mind, further study of the 
problem is considered advis- 
able, the necessary research 
should be initiated as an inde- 
pendent project. In a highly 
competitive world speed in de- 
velopment pays handsome 
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dividends ; the development engineers’ objective 
Should be to provide quickly the best results 
existing knowledge permits. Probably in no field 
is it more true that “‘the best is the enemy of the 
good ’’. Those who do well today may do better 
tomorrow: those, who, through being too 
ambitious, do nothing today may not be in a 
position to do anything tomorrow. 


RESEARCH. 

So much for factory service and development : 
proper functions of a _ research laboratory, 
legitimate companions of research, but all too 
frequently its unconscious enemies as the obvious 
urgency which surrounds them challenges the 
claim of research to its fair share of the available 
resources and facilities. Production and develop- 
ment engineers can at times be very clamant ; 
they can so readily establish that effort diverted 
to them will yield immediate returns as against 
the problematic dividends of long term research; 
but they must be resisted. Research is a capital 
investment of first importance: by the over- 
concentration of effort on immediate problems 
and the failure to ensure a proper flow of new 
ideas, outstanding present prosperity 
may be achieved, but at the price of 
future insolvency. 

The way to protect the research 
effort which immediately suggests 
itself is the segregation of research 
in a separate laboratory. Several 
large companies both in England and 
in America have done this. If the 
amount of fundamental or explora- 
tory research is sufficient to justify a 
separate establishment the practice 
may well have something to com- 
mend it. It may be worth while if 
development is carried out in a 
number of relatively small labora- 
tories attached, for example, to 
independent manufacturing units. 
But where there is a large central 
laboratory the balance of advantage, 
is, IN my opinion, very much in 
favour of allowing development and 
research to proceed side by side. 
Research and development are sub- 
ject to very extensive cross-fertilisa- 
tion. This can really be effective 
only if the men engaged in the two 
pursuits have many opportunities for 
informal interchanges. The formal 
conference table is important, but 
it can be very stultufying. 

It is hard to resist the view that 
the segregation of research frequently 
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results from lack of confidence in one’s ability 
to solve the very real problems which arise from 
running research and development side by side, 
rather than from the conviction that this juxta- 
position is, in itself, wrong. 

Very careful thought reveals no reason why 
research and development—and factory service 
also—shall not be carried on side by side in one 
establishment with no detriment, and indeed 
with advantage, to each type of activity. But 
their successful cohabitation can be achieved 
only by careful planning ; by the development 
of a laboratory structure yielding what can, 
perhaps, be best described as “interlocking 
independence ” between the different fields of 
work. 

What is needed is for each of the three types 
of work to be planned, directed and pro- 
gressed with the same care and attention that it 
would receive if considered in isolation, none 
being neglected through the urgent demands of 
another, but for the planning to be so co- 
ordinated as to produce an integrated programme 
which gains in strength for the interlocking of its 
several components. 


Setting up equipment for X-ray crystallographic analysis. 
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The question is : how can this be achieved ? 
To answer the question the organisation of 
the composite laboratory must be considered 
in its entirety. 


ORGANISATION. 


The organisation best suited to a particular 
establishment will necessarily be in part depen- 
dent on its size; it will also be governed in no 
small degree by the personalities of 
the individuals available for the 
senior appointments. My own 
experience is with a geographically 
compact group of Laboratories hav- 
ing a total staff of 2,500 including 
600 university graduates. Included 
in the group is one establishment, 
engaged entirely on defence projects, 
which, although integrated with the 
general group for purposes of ad- 
ministration, is completely indepen- 
dent in so far as its technical work 
is concerned. The organisation of 
that establishment is designed to 
meet its own rather special needs. 
The remaining laboratories, housed 
on four separate sites, all in the 
Wembley area, constitute a typical 
industrial research organisation. Al- 
though larger than many, its needs 
differ quantitatively rather than 
qualitatively on that account, and 
the general principles which have 
guided the creation of our present 
structure would doubtless apply in 
large measure to most industrial 
laboratories. 

Most large industrial laboratories 
serve a number of more or less auto- 
nomous production units, frequently 
housed in widely separated factories. 
Each is concerned with its own prob- 
lems: the degree of mutual ‘ dis- 
interest ’ can indeed be very great. The labora- 
tory organisation has to cover the preparation of 
programmes for each of these works or factories, 
the progressing of work carried out on their 
behalf, and the maintenance of close liaison 
between the technical staffs of works and labora- 
tories and between their respective managements. 
Each works must feel that, to the people who serve 
it in the laboratories, its interests are paramount. 
This is achieved if the laboratories are organised 
on a ‘works group’ basis,—each group com- 
prising that mixture of scientists, mathematicians 
and engineers and their assistants appropriate 
to the work they will have to carry out—rather 
than on a ‘subject’ basis. Physicists, metal- 





lurgists and engineers may then work side by 
side in one group. The works group should 
be backed up by specialist service groups : 
analytical, metallurgical, engineering design, 
workshops and so on, and one product group 
may draw on another group for the development 
for some of its components. For example, in our 
own laboratories if the lamp group requires a 
new glass it does not undertake its development 


Measuring particle size of fluorescent powder. 


itself ; it enlists the aid of the glass group. 
Similarly, the radio or television groups do not 
develop their own valves or cathode ray tubes ; 
these are the responsibility of the groups serving 
the factories in which these products are made. 

The leader of the works group should be 
encouraged to regard himself as owing a primary 
loyalty to his works. He is, if you like, the 
ambassador of the works within the labora- 
tories, his responsibility to ensure that the inte- 
grated resources of the laboratories—not only 
those of his own group, for he must avoid be- 
coming parochial in outlook—are deployed to 
the best advantage of his works. It is vital 
that the technical staff of the factory should feel 
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its interests to be safe in the Group 
Leader’s hands ; the greater the con- 
fidence of the works the more ready 
it will be to follow the advice it 
receives from the laboratories and the 
better therefore the service that the 
laboratories will be able to give. 

These works groups are _ the 
backbone of the laboratories. The 
function of management is to pro- 
duce the organisation that will 
enable them to work’ more 
efficiently. 

Group Leaders may themselves 
be scientists, engineers or technolo- 
gists. They must be clear thinkers ; 
good leaders, at the same time 
tactful and persuasive ; good orga- 
nisers, able to keep many balls in 
the air at one time and dropping 
none through excessive anxiety con- 
cerning others; finally they must 
realise that self-sufficiency may not 
always be a virtue. They should 
judge themselves, as they should 
be judged, by the technical status 
which their works enjoys among 
its competitors. If this is high, the 
group leader is almost certainly 
doing well ; if it is not, the fault may not be 
entirely his, but he cannot easily evade respon- 
sibility. With this specification in mind the 
difficulty of finding first-class Group Leaders 1s 
perhaps not surprising. 

Group leadership is a functional appointment, 
not a rank. A large group may well include 
senior scientists and engineers of equal rank 
with the Group Leader, or even senior to him, 
who carry the immediate responsibility for the 
direction of certain sections of the programme. 
In such circumstances the integration of the 
activities of different sections would lie in the 
province of the Group Leader. 

The organisation must support the Group 
Leader in two ways : it must relieve him to the 
greatest possible extent of responsibility for 
routine administration, and it must provide 
the maximum of specialist and experienced 
scientific backing. 

The administrative functions can be divided 
under four main headings : 

1. Provision and maintenance of buildings, 

plant and service. 

2. Staff management including education and 

training. 

. Accountancy. 
4. Other administrative services, which include 
buying and storeKeeping, control of central 
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Measuring the polar diagram of a fluorescent lighting fitting. 


non-technical services such as_ typing 
pools, supervision of financial matters 
including the preparation of the annual 
budget and subsequent budgetary control. 

In the laboratory whose organisation I am, 
in effect, describing, these functions are entrusted 
to four men: the Laboratory Engineer, Staff 
Manager, Chief Accountant and Administration 
Manager respectively. The four administration 
officers meet regularly as an administrative 
committee and jointly review their respective 
activities. A senior member of the scientific staff 
also serves on this committee to watch the 
interests of the scientific workers as a whole and 
to help to ensure that the interests of the scientific 
work of the laboratories are not sacrificed in 
order to achieve the last refinements of adminis- 
trative efficiency. 

If the number of works groups is not too 
large, and if they are led by really able men, it 
may be satisfactory for the Group Leaders to 
report straight to the Director. But as the 
number grows it becomes more and more 
difficult for the Director to find time for real 
discussion with them. The administrative 
pyramid is a menace to be avoided, especially 
in a laboratory, but faced with this situation 
senior responsibility must be delegated to two 
or three senior experienced men. In our case 
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we have three such men, ‘ Heads of Divisions ’, 
who share the executive authority with the 
Director. 

The organisation so far described would be 
adequate for the needs of a laboratory concerned 
only with factory service and development : 
the addition of research presents new problems. 
Factory service involves immediate availability 
for consultation ; the readiness to send along the 
specialist when help is called for. Development, 
once it has been carefully planned and a tentative 
time schedule has been prepared, can be left 
largely to the full-time attention of section 
leaders who report from time to time to the 
group leaders and who are responsible, under 
their general guidance, for enlisting such aid 
as may be required from other groups or con- 
sultants. The group leader can supervise quite 
a large group engaged on factory service and 
development, and can make valuable technical 
contributions out of his own experience without 
becoming so overwhelmed that the smooth 
flow of work through his group is impeded and 
his works colleagues become restive because 


of avoidable delays in providing the answers to 
their problems. 

Research demands the continually open mind, 
freedom from restrictive planning, immediate 
recognition of the unexpected, a readiness to 
modify the approach as new facts come to light, 
the ability to probe side avenues ( without wander- 
ing too far down them unless satisfied that their 
exploration is vital to the service of the main 
project). It demands, especially as important 
stages of the research are reached, critical 
review, not only by the research worker himself 
but by colleagues able to take a more detached 
view than is possible for the man immersed in 
the job. It demands freedom for the research 
worker to sharpen his wits by discussion of his 
problems with his scientific peers. 

Furthermore, if the research worker be young 
and not very experienced, he will need guidance 
aimed at developing his own mental faculties 
rather than turning him into a mere assistant 
of his mentor. Good research workers are 
scarce, even more so than good development 
engineers. This scarcity may be a reflection on 





Consideration of a microwave filter development problem associated with 
a trunk radio system. 
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the training we provide for them. The tempta- 
tion to do the embryo research worker’s work 
for him, because we know that we can do it 
better than he, is not always easily resisted. 
But it must be resisted, and the apparent wastage 
of time must be accepted, for research can only 
be learned the hard way by 
making one’s own mistakes. 
The mentor must be patient, 
he may point the path, he 
may indicate the dangers of 
the way, but the decision as 
to the route to be followed 
must be taken by the 
research worker himself. 

Is it surprising that a 
Group Leader responsible 
alike for factory service, 
development and research 
not infrequently tends to 
neglect research and fails 
to give his young research 
workers the training they so 
badly need? Itis not. Given 
an impossible task—for im- 
possible itis unless the group 
be very small—the group 
leader may indeed be right. 
He can give good factory 
service and control his de- 
velopment programme effec- 
tively while giving some 
attention to research. Give 
research all that it needs 
and the strings controlling 
the other aspects of his 
work are almost sure to become tangled. 

I have already expressed the view that research 
benefits from association with the other activities 
of a composite laboratory, but it needs its own 
organisation and leaders ; 1t needs to be super- 
vised and directed by men who can make it their 
sole concern, men who, in effect, serve the Group 
Leaders—even though they may be senior to 
them—in that they help them to discharge their 
responsibilities to the works whose interests 
have been entrusted to them. 

At the head of this special organisation we have 
at Wembley our Chief Scientist; in other 
laboratories he might have other titles. Report- 
ing to the Director but working in the closest 
of harmony with the Heads of Divisions, he is 
responsible for maintaining contact with the 
general trend of scientific thought and knowledge; 
for advising on the overall research programme 
with particular reference to new lines of research; 
for assisting in the selection of research workers 
for specific projects and in the planning of their 
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supervision ; for keeping a general eye on the 
work in progress and, generally, for ensuring 
the scientific well-being of the laboratories. 
He is not an executive in that he does not in 
his capacity as Chief Scientist give instructions; 
strictly his function is advisory, but his influence 





A stage in the development of a new type of domestic television receiver. 


is very great. The proper discharge of the 
Chief Scientist’s functions demands a first-class 
scientist with a good research record, who is 
preferably still actively engaged in personal 
research work, and who is patient and tolerant, 
persuasive while constructively critical. 

The Chief Scientist is supported by a number 
of senior colleagues, specialists in different 
branches of science, who have been relieved of 
all administrative responsibility so that they 
may devote the whole of their time to nurturing 
the technical work of the laboratories (be it 
in the field of research or development) ; 
their responsibility is to ensure that the profes- 
sional standard of the work in their respective 
spheres is properly maintained. This is important 
for the success of the various research projects ; 
it is still more important from the points of 
view of the workers themselves. 

There is no short cut to proficiency in research; 
only by allowing the young scientists to make 
their own mistakes and learn by experience can 
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first-class research workers be developed. It is, 
of course, not suggested that supervision can be 
entirely dispensed with : the young man needs an 
older more experienced scientist with whom he 
can discuss his work, to whom he can turn for 
guidance, who will encourage and inspire, or, 
on occasions, restrain him, who will be to him a 
guide, counsellor and friend. 

We have met this need at Wembley by appoint- 
ing as Research Co-ordinators three men, two 
physicists and one metallurgist, all research 
workers of considerable experience and proved 
ability and still actively engaged in personal 
research. Each of them is charged with the super- 
vision of a number of specified researches. 
The Research Co-ordinators work in very close 
association with the Chief Scientist though 
not actually coming within his jurisdiction. 

Thus we have the Chief Scientist and Research 
Co-ordinators devoting the whole of their time 
to the research side of the Laboratories’ activities 
with the specialist scientific officers always 
available for consultation and strongly supporting 
them. 

The research workers themselves must be 
very carefully selected. Unless 
they have good research records 
when recruited they will need to 
serve periods of apprenticeship 
as research assistants, working 
under instruction, before being 
given personal responsibility 
for research projects. Some 
assistants will not make the 
grade ; they may remain as 
assistants or, more probably, 
they may show new aptitudes 
and be transferred to other 
kinds of work, maybe on the 
development or even the com- 
mercial side. For disciplinary 
and administrative purposes 
the research workers are, in 
general, attached to one or 
other of the works groups. 
Apart from other advantages 
this arrangement ensures the 
continuing interest of the 
Works Group Leaders in the 
research programmes whose 
ultimate purpese is to help 
them in the discharge of their 
responsibilities. 

PLANNING. 
The planning of the de- 


velopment programme is rela- 
tively straightforward, since it 


must clearly be very closely geared to the Com- 
pany’s commercial programme. The planning of 
the research programme is far more difficult, the 
major problem being to select from the vast 
number of possible investigations the small 
proportion which fall within the compass of 
available resources. 

Suggestions for researches may, and should, 
come from a number of sources: research 
workers themselves, Group Leaders, Research 
Co-ordinators, Chief Scientist, Heads of Divi- 
sions or, indeed, any member of the laboratory’s 
scientific staff. Frequently some preliminary 
investigation will be needed before a prima 
facie case for a particular suggested research 
can be established. It is very desirable that any 
responsible member of the staff should be able 
to authorise this preliminary canter with the 
minimum of formality, otherwise many good 
ideas will be still-born. 

The prima facie case having been established, 
the proposal should then be carefully weighed 
by the Chief Scientist and the appropriate Head 
of Division in consultation with group leaders 
and others whose views may be helpful. Eventu- 
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Wiring forced-life test racks for experimental fluorescent tubes. 
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ally the suggestion may be rejected or accepted 
as a worthwhile research. In the latter case there 
is stull another hurdle to be surmounted. The 
research has to compete with others that have 
passed the preliminary test for determsnation 
of priority. If not given high priority it may 
remain in the list for a long time ; it may never 
be reached. But by retaining it in the list one 
ensures that its worthwhileness is kept con- 
tinually under review. 

Ultumately, before new researches are started 
(save for the preliminary investigation already 
referred to) the Director’s approval must be 
sought. He will need to know what other re- 
searches have been considered and why prefer- 
ence has been given to those recommended ; 
he will also need an indication of the effort 
to be allocated to each research and whence 
it is to be found, and a preliminary estimate 
of cost. 

The selection of major research projects calls 
for very careful judgment accompanied by some- 
thing like a sixth sense. Fortunately work in a 
new field builds up fairly slowly and confirmation 
of one’s judgment in backing it may often be 
obtained before the full rate of expenditure is 
reached. Frequently a research may be justified 
by side-products from it as it proceeds. The 
research co-ordinators and chief scientist and 
group leaders must always be carefully on the 
lookout for interim dividends of this kind. 

If the available research effort is to be used 
wisely and to the best effect the whole programme 
must be kept continually under review to ensure 
that investigations which ought to be closed 
down do not run on under their own momentum 
or through unrealistic optimism on the part of 
those too near the trees to see the wood. One 
means of ensuring a balanced judgment is to 
associate with each research a progress committee 
which takes stock every six or twelve months. 
The Committee would normally comprise the 
Chief Scientist, the appropriate Head of Division, 
Research Co-ordinator and Group Leader as a 
nucleus, others being invited to attend from time 
to time according to their ability to assist in the 
appraisement. 

The research worker should be encouraged 
to keep his work written up. A very liberal 
publication policy will pay handsome dividends 
in the increased prestige both of the individual 
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scientist and of his laboratories. It also tends 
to accord an entrée into University and other 
circles in which similar work is in progress. 


CONTROL. 


However keen the senior management of a 
company may be on research they will not be 
indifferent to the expenditure involved. Some 
form of control is usually required. 

Expenditure within the research teams them- 
selves is governed by the strength allocated to 
them, but ‘ outside ’ expenditure on supporting 
effort from drawing offices, workshops and 
technical service groups, or in special materials 
Or equipment (other than capital equipment 
which should be quite separately controlled) 
may be substantial. 

There is no doubt that budgetary control 
operated through the accounts department 
offers the simplest way of ensuring that alloca- 
tions are not exceeded without prior sanction. 
The research leader, or his group leader, is 
authorised to spend on a given project at a 
certain rate, it being left to him to decide how the 
money is spent. By a suitable code system of 
allocations (and some simple method of time 
booking) the accounts department can keep a 
record of expenditure, subdivided as finely as 
one will, and graphical methods of recording, 
on, say, a monthly basis, keep the laboratory 
management well informed. Budgetary control 
is intended to draw attention to departures from 
programme; enquiry may prove their justification 
and lead to revision of the allocations. Budgetary 
control is intended to provide information, not 
to control research. 

Finally the work is done. How is its value 
to be assessed ? Elaborate accounting methods 
have been developed for this purpose. In some 
instances Research Laboratories are financed by 
percentages on the receipts from articles and 
processes which they have developed. I do not 
believe that such formal evaluation of research 
is possible. Clearly unjustified expenditure 
can be avoided by careful weighing of the 
probable cost of an investigation against the 
potential value of success before the work is 
put in hand: success can be measured only in 
terms of the technical status which the Company 
enjoys amongst competitors of comparable 
commercial standing. 
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Pulse Testing as Applied 


to Communication Circuits 


By L. I. FARREN, M.B.E., M.I.E.E., Whitworth Scholar, A.C.G.I., D.L.C. 


1. INTRODUCTION. 

HE response of an 
electrical network to a 
suddenly applied e.m.f. 

may be expressed in a trans- 
ient solution and asteady state 
solution. Study of the latter 
led to the development of the 
now familiar A.C. theory and 
the use of A.C. vectors. Due to 
its simplicity and wide teach- 
ing, leading to the establish- 
ment of measuring methods 
and apparatus based on sine 
wave techniques, most com- 
munication engineers have a 
bias towards sine wave 
methods of measuring and 
expressing the characteristics 
of a circuit, and a mistrust of 


G.E.C. Research Laboratories. 





In recent years in many fields 
of communication engineering an 
increasing use has been made of 
pulse testing techniques in addi- 
tion to, and sometimes in pref- 
erence to, the normally accepted 
sine wave measuring methods. 

This article discusses some of 
the advantages of these techniques 
and gives an outline of the basic 
requirements of a system operat- 
ing on these principles and details 
of some of the test sets developed 
at the Research Laboratories. 

The application of these var- 
tous sets to the testing of cables, 
transmission systems, filter net- 
works and feedback amplifiers 
1s described briefly. 


Thus when several networks 
are connected in cascade, the 
steady state amplitude and 
phase response of the tandem 
arrangement is easily cal- 
culable if the responses of 
the individual networks are 
known. 

Using these methods to 
analyse the response of a net- 
work to a complex periodic 
signal the procedure would 
be as follows : 

(1) Resolve the input 
signal into sine wave 
components. 

(2) Determine the steady 
state response of the 
network for each com- 
ponent frequency. 





transient or pulse analysis 





(3) Determine the value 





which they feel is better left 
to the pure mathematician. 

In quite a large part of the communication 
field this approach is still satisfactory; for 
example, in telephony systems, whether by audio 
or carrier current, cable or radio link, steady 
state characteristies and test methods are 
adequate for defining the overall quality of the 
system (these remarks do not apply, of course, to 
telephony systems using pulse modulation 
methods). This result is largely fortuitous and 
arises because the human ear behaves as a 
frequency analyser, and also because the ear 
is insensitive to the relative phases of the com- 
ponent waves of a complex sound wave. For 
this reason the phase characteristics of telephone 
circuits are not usually of importance except 
on very long loaded cable circuits where some 
phase correction may be necessary. 

The whole simplicity of sine wave methods 
resides in the fact that the response of a linear 
network to a sinusoidal signal is itself sinusoidal. 


of each signal com- 
ponent modified by the network character- 
istic. 

(4) Determine the output signal by summation 

of all the modified sine wave components. 

This involved procedure is seldom necessary 
since years of experience with subjective testing 
methods have enabled engineers to evolve the 
appropriate criteria for the tolerable variations 
in steady state response for different types of 
signal (e.g. commercial telephony, telegraphy, 
music ). 

If the input signal is a single transient, and 
not a periodic signal, then the solution for the 
output signal changes from the relatively simple 
summation mentioned in (4) above and becomes 
the more formidable Fourier Integral. 

The main limitation to the method of deter- 
mining transient response from steady state 
characteristics arises from the fact that relatively 
few Fourier Integrals are easily soluble. 

For systems designed to transmit transient 
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signals, such as radar, television and pulse 
telephony, transient testing is more appropriate 
than sine wave testing. 

The transient response of a network actually 
contains all the information relating to the ampli- 
tude-frequency and phase-frequency character- 
istics of the network, although in many cases 
the interpretation of the result is not easy. 

In certain applications the results obtained by 
pulse testing are much more direct and simple 
to understand than those obtained by steady state 
methods. A typical instance is the testing of 
cables for impedance irregularities in the factory, 
or for faults in the laid cable. Any impedance 
irregularity or fault produces a reflection of energy 
which travels back to the sending end and may 
be made to appear on a display unit as an echo 
of the original pulse, displaced in time by an 
amount directly proportional to the distance 
of the fault from the sending end. 

Separate faults at different points appear 
separated on the display pattern and hence their 
individual positions and magnitudes may be 
readily determined. If, in this instance, sine 
wave signals are used for testing the cable, the 
faults manifest their presence by the phenom- 
enon of reflection as before, but the effect is 
noted as a fluctuation in the measured input 
impedance-frequency characteristic of the cable. 
If more than one fault is present this fluctuation 
is rather complex and it becomes difficult to 
deduce the location and magnitude of individual 
faults from these impedance-frequency charac- 
teristics. 

A detailed comparison between sine wave and 
pulse methods of testing 1s beyond the scope 
of this article, but this brief introduction should 
indicate the undoubted advantages of pulse 
testing for certain applications. 


2. APPLICATIONS OF PULSE TESTING 

GENERAL). 

Pulse testing may be divided into two main 

fields of use : 

(1) Where the pulse signal is transmitted over 
the circuit or network on test and the 
received pulse is observed. 

2) Where the presence of echoes is to be 
detected with, in some cases, accurate 
means for ranging these echoes and deter- 
mining their relative magnitudes. 

These two main divisions may be further 

subdivided thus : 

la) The testing of circuits with means for 

assessing certain parameters of the received 
signal such as build-up tume, overshoot and 
symmetry. In such systems the type of pulse 
employed is chosen so that the ultimate distor- 
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tion of the pulse is very small after the usual 
equalisation has been applied to the system. 
An example of this which will be described in 
this article is the raised cosine pulse or sine 
squared pulse as it is sometimes called ; its 
application to the testing of television systems 
will be mentioned. 

(16) The testing of circuits which are not 
essentially wideband but which may possess 
marked resonances at certain frequencies. 
Coupled circuits and feedback amplifiers are 
in this class and an example is given later in this 
article of the application of pulse testing to the 
study of the stability of feedback amplifiers. 
In general the waveform of the response of such 
circuits to an applied pulse is quite different 
from the waveform of the pulse itself. 

(2a) The testing of circuits having impedance 
irregularities at a number of points, in which the 
magnitude and nature of these irregularities 
are aS important as their location. An example 
of this occurs in the production testing of factory 
lengths of coaxial cable by pulse methods. The 
uniformity of production may be readily checked 
by inspection of the pulse echo trace on an 
oscillograph and, in the future, a measurement 
of the reflected energy from a factory length 
may be found to provide sufficient information 
of its uniformity. 

(2b) The testing of circuits in which the 
impedance irregularity is a gross one (such as a 
fault on a laid cable or power line). In such in- 
stances exact location of the fault is the impor- 
tant factor. 

(2c) The testing of circuits in which echoes 
following the main signal (transmitted echoes) 
are produced by double reflection. This phen- 
omenon is of interest mainly in cable circuits 
conveying television signals. 

A novel method will be described in which, by 
the use of a double pulse, measurements at 
the sending end provide sufficient information 
to plot the curve of transmitted echoes which 
would be produced at the receiving end of the 
circuit. 


3. SOME CHARACTERISTICS OF SHORT 

PULSES. 

The normal pulse signal has a finite magnitude 
for a short duration and is substanually zero 
for a much greater time. It may be an isolated 
occurrence or it may be repeated periodically ; 
in order to display the signal conveniently on a 
cathode ray tube a repeated pulse is normally 
employed. 

The Fourier analysis of such a pulse train 
consists of the repetition frequency f, and all of 
its harmonics to infinity, plus a D.C. component. 
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The shape of the frequency energy distribu- 
tion of these harmonics depends on the pulse 
shape ; the frequency band, within which falls 
most of the energy contained in the pulse train, 
is dependent on the duration of the pulse at 
mid-height. 

In fig. 1 four different pulse shapes are shown, 
each of the same height, A, and duration at 
mid-height, ¢,. Fig. 2 shows the distributions of 
the harmonic frequencies for these four pulse 
shapes, and in each instance the first zero in the 
frequency energy spectrum is seen to occur at 


the frequency corresponding to =. 


The mathematical formulae, expressing the 
amplitude of any particular harmonic of the 
repetition frequency for each of the pulse 
shapes in fig. 1, are given in Appendix I. 

The distribution of the harmonics up to the 





"aa 


























frequency - is nearly the same for each pulse 


shape so that the bulk of the energy is contained 
within the same frequency band for all the pulses. 
The distributions differ widely, however, at 


frequencies greater than %, most energy 1s 


Oo 
contained in the rectangular pulse at higher 
frequencies and least energy in the raised cosine 
pulse. 

The extended frequency spectrum of the 
rectangular pulse is the main cause of objection 
to the use of such a pulse for test purposes. 
If, for example, the system on test is a television 


system with a nominal cut-off frequency /, > 

oO 
then the attenuation-frequency and _ phase- 
frequency characteristic of the system above f, 
are not of particular interest; generally they 
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deviate considerably from ideal characteristics. 
If a rectangular pulse of duration ¢, were to be 
employed to test this system, the response to the 
pulse would contain a great deal of irrelevant in- 
formation of the behaviour of the system above f,. 

The raised cosine pulse, having a limited 
spectrum provides a more useful answer, 
particularly since the waveform transmitted by a 
television channel is of the limited spectrum type. 
This point is discussed in more detail in a later 
section. 

The choice of a repetition frequency for the 
pulse train depends upon a number of factors. 
For example, in testing a cable for reflections 
arising from impedance irregularities, the time 
between pulses must be long enough to ensure 
that all the echoes requiring inspection, together 
with any subsequent echoes large enough to 
cause interference, have returned before a 
further pulse is sent out. 

At the same time the repetition frequency 
must not be made unduly low, as this may 
reduce the effective brightness of the trace of 
the cathode ray tube, used to display the echo 
pattern, to such an extent that viewing is made 
difficult. 


4. BASIC ELEMENTS OF A PULSE TEST SET. 

Although pulse test sets for different purposes 
vary in design details, there are many basic 
features which they have in common. These 
are indicated in the block schematic shown in 
fig. 3. 
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(a) GENERATION OF REPETITION FREQUENCY. 

In fig. 3 this is indicated by the block marked 
Master Generator. This may be a sine wave 
oscillator, as for example, in the sets used by 
Pirelli-General Cable Works Ltd., for testing 
coaxial cables, or it may be a relaxation oscillator 
generating a rectangular waveform as in the pulse 
fault locator to be described later. , 


(hb) GENERATION OF TEST PULSE. 


The test pulse is produced by the Pulse 
Generator the complexity of which depends on 
the nature of the pulse required. Thus, in the 
pulse fault locator, in which a pulse of 3yus 
duration and approximately rectangular wave- 
form is required, relatively simple circuits are 
used. In an early design of pulse test set! in 
which a pulse of ;4, us duration had to be 
generated many valve stages and tuned circuits 
were necessary. 


(c) GENERATION OF TIME BASE WAVEFORM. 


The first requirement of most time base 
generators is that they must produce a linear 
voltage-time signal of adequate amplitude. The 
sweep times most commonly employed in pulse 
testing lie within the range | to 1,000us; the 
circuits used nowadays are almost invariably 
based on the Miller Integrator principle. 


(d) PHASE SHIFT OR TIME SHIFT. 


In most pulse test sets some means for pro- 
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ducing a variable time displacement between the 
time base initiation and the initiation of the 
test pulse are necessary. Similar means may be 
used to produce an additional pulse which can 
be moved relative to the main trace to act as 
a time marker. With pulse test sets using a sine 
wave master generator, a continuously variable 
phase shift network is commonly employed for 
this purpose. 





PHASE 





(g) IMPEDANCE SIMULATOR. 


For echo measurements of high sensitivity, 
as in the measurement of impedance irregulari- 
ties in factory lengths of coaxial cable, a high 
degree of balance in the hybrid circuit must be 
maintained. This is possible only if the imped- 
ance simulator shown in fig. 3 has an impedance 
frequency characteristic closely matched to that 
of the circuit on test. 
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Fig. 3.—Basic elements of a pulse test set. 


In the pulse fault locator, described later, the 
variable time displacement is produced by the 
change in relaxation time of a phantastron 
circuit (relaxation oscillator) produced by a 
variable capacitor. 


(e) DISPLAY UNIT. 


This includes the amplifier and cathode ray 
tube shown in fig. 3. Desirable amplifier charac- 
teristics are described later in this article. For 
displaying pulses of very short duration, say, 
0-02us, the use of a cathode ray tube with the 
deflector plates connected through the pinch 
is not possible due to high lead capacitance ; 
special low capacitance tubes were, developed 
by the G.E.C. Research Laboratories for this 
purpose. 


(f) HYBRID CIRCUIT. 


For echo measurements, as in cable testing and 
fault location, the pulse generator and display 
unit must be separated by a hybrid circuit to 
prevent the amplifier being overloaded by the 
transmitted pulse. The design of the hybrid 
should be such that, with identical impedances 
connected in the two sides, the break-through 
signal to the amplifier is at least 60 db below the 
level of the transmitted pulse. 


5. A TYPICAL PULSE TEST SET. 


Fig. 4 shows a complete pulse test set, the 
particular equipment illustrated being used at 
Pirelli-General Cable Works for coaxial cable 
testing. This set embodies certain modifications 
required for this purpose but the design and con- 
struction are, in general, common to pulse 
test sets for other applications. 

The complete equipment is mounted in four 
panel units which are contained in a 4 ft. 6 in. 
cabinet mounted on wheels. The contents of 
the respective units starting from the top are as 
follows : 

Time base, display and amplifier unit. 

Pulse generator unit. 

Power supply unit A plus hybrid circuit 
and additional amplifier. 

Power supply unit B. 


TIME BASE UNIT. 


The repetition frequency is 90 kc/s derived 
from a crystal-controlled oscillator. This is 
used to produce first a square wave and then a 
rectangular wave with positive pulses of 2ys 
and negative pulses of 9us. By means of an 
integrating circuit a saw tooth waveform is 
derived ; one side of the saw tooth has a duration 
of 2s and the other, 94s. Either time base range 
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may be chosen by switching, and in each case 
the cathode ray spot is automatically blacked 
out during the flyback. 


AMPLIFIER AND DISPLAY UNIT. 
The amplifier is a wideband circuit of fairly 





Fig. 4.—Pulse test set in use at Pirelli-General Cable Works. 


conventional design containing four amplifying 
stages: and a push-pull output stage. In all 
stages the anode loads comprise the well-known 
low pass filter couplings designed to give the 
maximum stage amplification for a given fre- 
quency bandwidth. : 

The gain frequency response measured from 
the input socket to the Y plates of the cathode 
ray tube is substantially flat at 48 db from 100 
kc/s to 28 Mc's, falling by 4 db at 30 Mc/s. 

A special cathode ray tube (type 1601 ABC) 
is used, which is designed to have very small 
inter-electrode capacitances ; the deflector plates 
and final anode are brought out to caps on the 
side of the tube. 


PULSE GENERATOR UNIT. 

In the original pulse test set described by 
Espley, Cherry and Levy', the method of generat- 
ing the pulse was based on the radar method using 
a short-circuited delay line in a valve anode 
circuit. This is not entirely satisfactory for very 
short duration pulses and later developments 
have resulted in a rather simpler form of pulse 
generator circuit. 

In the present set the first three valve stages 
are ringing or shock excited oscillatory circuits, 
each circuit being tuned to a frequency higher 
than that of the preceding circuit. By a suitable 
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choice of control grid bias voltage for the valves 
and of damping factor for the tuned circuits, 
the final output from the pulse generator is a 
pulse of .4, ws duration (measured at half-height) 
and 30 volts amplitude. 

An alternative pulse is available, positive 
or negative and of 12 volts amplitude, 
having a duration at half-height of 
GOS. 


HYBRID CIRCUIT AND AMPLIFIER. 


These units are additions to the 
original pulse test set and were in- 
corporated when the set was modified 
for testing factory lengths of coaxial 
cable. 

The hybrid unit is a_ patented 
design*. It consists of a simple bridge 
circuit with a network, whose im- 
pedance frequency characteristic is 
the same as that of a uniform cable, 
plugged into the left-hand side of the 
panel. A similar network, used for 
terminating the distant end of the 
cable on test, is shown in fig. 4 on 
the stool beside the cable drum. 

When the bridge has been adjusted 
to give the best possible balance, the 
input pulse signal applied to one 
diagonal of the bridge produces the minimum 
signal across the other diagonal of the bridge 
which is connected to the input of the pre- 
amplifier. The input socket for the cable on 
test forms one arm of the bridge, so that 
the signals produced by reflections from im- 
pedance irregularities appear at this socket and 
thence across the bridge diagonal connected to 
the pre-amplifier. 

The pre-amplifier consists of three stages, 
each with a gain of 10 db, the gain of the first 
stage being made variable. The insertion loss 
of the hybrid circuit measured between the 
pulse input terminals and the cable socket is 
approximately 6 db and the suppression of the 
initial pulse is about 60 db. The overall gain 
measured from the cable socket to the output of 
the pre-amplifier is 20 db. 

The pre-amplifier was added to permit 
measurement of coaxial cable irregularities. 
As the pulse duration of .4;4s proved unneces- 
sarily short and the bandwidth of 30 Mes 
unnecessarily wide for this purpose the band- 
width of the pre-amplifier was designed to control 
the overall bandwidth of the measuring system. 

The overall gain frequency response from the 
cable socket to the cathode ray tube deflector 
plates is substantially flat at 68 db from 100 
kc s to 5 Mc's falling by 6 db at i0 Mcss. 
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6. APPLICATIONS OF PULSE TESTING. 
(a) FACTORY TESTING OF CABLES. 


During the past few years coaxial cables have 
been used on an increasing scale for linking 
television stations in this country. For this 
reason, when Pirelli-General Cable Works 
began manufacture, early in 1949, of the stand- 
ard trunk type coaxial cable, the G.E.C. Research 
Laboratories had anticipated their need for a 
pulse test set for checking factory lengths of 
coaxial cable. 


General Considerations. 


The test set had to be able to measure sections 
of coaxial cable having lengths between 100 
yards and 1,000 yards. For the type of cable 
concerned, which is substantially air-spaced, 
the velocity of propagation is nearly 0-95 x 3 

< 10° metres/second. The maximum time delays 

therefore between the initial pulse and the 
returning echo from the cable are 0-7us and 
7-Ous for the 100 yards and 1,000 yards lengths 
respectively. These values were used to fix 
the time base ranges and pulse repetition fre- 
quency of the set. 

Since the shape of the pulse appearing on the 
display screen is influenced by the pulse genera- 
tor, the circuit on test and the receiving amplifier, 
the pulse generator and amplifier were consid- 
ered together during the design. The question 
of pulse duration and shape is a matter for 
compromise ; in general the smaller the pulse 
duration the greater is the discrimination or 
resolution of impedance irregularities, but at 
the same time the effects of cable attenuation 
are increased. For a reflection originating at the 
distant end of the cable on test an attenuation 
greater than 6 db, in terms of reduction of pulse 
height was considered undesirable. These 
factors prescribed the frequency bandwidth 
of the measuring system. 

The amplitude of the transmitted pulse and the 
maximum amplifier gain were determined from 
a knowledge of the minimum irregularity to 
be measured. 

Some means of measuring the magnitude of the 
irregularities and their approximate position 
along the cable length had to be provided. 


Equipment. 

The pulse test set described in the preceding 
section meets the requirements for cable testing, 
and was the first test set employed for production 
testing of cables. 


Operation. 
The procedure for calibrating the trace in 
terms of impedance irregularity is as follows : 


First the impedance simulating network 
terminating the distant end of the cable on 
test 1s adjusted so that the reflection from the 
termination is a minimum. Then the network 
is unbalanced by 0-5 ohm and the reflection 
caused by this unbalance is measured on the 
cathode ray tube. The gain of the set is sufficient 
to give a deflection of 2 cm. for a change of 0-5 
ohm in the cable termination for lengths of 
up to 900 yards. 
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Fig. 5.—Typical pulse response obtained on a factory 
length of 0-375 in. coaxial cable. 


The trace cannot readily be calibrated directly 
in terms of distance, but calibration in time 1s 
relatively easy. The calibration unit therefore 
consists of a simple parallel resonant circuit 
tuned to 10 Mc/s which is connected to the 
output of the pulse generator. When the output 
of this circuit is viewed on the display screen a 
train of damped oscillations is seen, the time 
between each peak being 0-1 ys. 

The initial break through due to lack of balance 
in the hybrid circuit is equivalent to the reflec- 
tion of an irregularity of about 0-1 ohm at the 
sending end of the cable. This is clearly seen 
in fig. 5 which shows a typical result on a factory 
length of 150 yards. The 0-5 ohm calibration 
pulse is shown dotted in this figure. 


(b) FIELD TESTING OF LAID CABLES. 


The measurements which have been made 
so far on laid coaxial cables of repeater-section 
length, have employed improvised units of 
equipment, but a properly engineered design 
is under development for this purpose. 

The set used for field measurements had the 
following characteristics : 

Repetition frequency: 8 kc/s 

Pulse duration: continuously adjustable 

between 0-2us and 5ys. 

Sweep times : 7, 25 and 100ys. 

Pulse amplitude: 10 volts into 75 ohms. 

Hybrid balance : better than 60 db. 
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TIME MICROSECONDS 


0 2 4 6 8 10 12 14 16 18 20 22 24 


TRANSMITTED PULSE 
-56db 


26 28 30 32 34 36 38 a) 42 44 46 48 50 
A . —— A A 4 i i i i 





1 Mc/s CALIBRATION 


Fig. 6.—Pulse response of coaxial tubes measured on 5-miie repeater sections. 


Receiver gain : 75 db from the cable terminals 

to the plates of the cathode ray tube. 

Measurements carried out on a repeater 
section (5-6 miles) of laid cable showed that with 
a pulse duration of 0-2us impedance irregulari- 
ties could be measured along half the total 
length ; by measuring from both ends the whole 
section could be checked. 

In order to measure impedance irregularities 
along the whole length of cable, measuring from 
one end only, a pulse duration of lus was found 
to be necessary. Typical traces obtained from 
measurements on a laid cable are shown in 
fig. 6. 


(c) FAULT LOCATION ON CABLES. 
The pulse test sets described so far have. been 
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capable of accurate measurements of the uni- 
formity of a cable. To comply with the require- 
ments they are fairly complicated equipments, 
probably not rugged enough for continuous 
use in field testing. For locating the position of a 
fault on a laid cable an instrument is required 
which is rugged, portable and simple to operate ; 
the sensitivity required is naturally less than that 
demanded of the instrument for measuring 
irregularities. 

An instrument has been developed at the 
G.E.C. Research Laboratories, based on a 
design originated by the Signals Research Devel- 
opment Establishment, which may be used for 
locating faults on coaxial cables, unloaded pairs 
and power lines. 

Fig. 7 gives a block schematic of the circuit of 
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Fig. 7.—Block diagram of pulse fault locator. 
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the fault locator ; in discussing the operation 
of the instrument, reference should also be made 
to fig. 8 which gives a series of voltage wave- 
forms present at different points in the circuit. 

The master generator employs a transitron 
circuit generating a train of pulses the duration 
of each pulse being short compared with the 
repetition period. The repetition frequency is 
controlled by a switch on the front panel of the 
set which gives a choice of 670, 2,220 and 6,700 
c/s. The highest of these, 6,700 c/s corresponds 
to a repetition period of 160us, which is the 
setting used when testing a repeater section of 
coaxial cable. 

The output of the master generator is applied 
to the range marker generator and the zero 
pulse generator. 

The range marker generator uses a phantastron 
circuit producing a rectangular pulse, the dura- 
tion of which may be varied from a value just 
greater than the sweep time down to a value such 
that the trailing edge (from which the marker 
pulse is derived) occurs before the beginning of 
the sweep. To ensure that the minimum range 
can be measured, the initiation of the line pulse 
and of the time base sweep is provided by the 
trailing edge of the zero pulse, produced by 
another phantastron circuit. The leading edge of 
the zero pulse is fixed by the leading edge of the 
master generator pulse, but the pulse duration 


and hence the trailing edge, may be varied by 
means of a panel control. 

The time base generator is a screen coupled 
phantastron operating on the Miller Integrator 
principle. 

The test pulse (line pulse) is produced in the 
line pulse generator by differentiating the trailing 
edge of the zero pulse and then clipping the 
resultant signal to form a near-rectangular pulse 
of 3us duration. 

The output of the line puise generator is 
applied to the line through the hybrid network 
which is a resistance bridge arrangement with 
the line transformer in one arm. The trans- 
former has a tapped secondary winding arranged 
so that the hybrid may be balanced when supply- 
ing either a 75, 150, 300 or 600 ohm line. The 
pulse amplitude is dependent on the line 
impedance in the following manner. 

10 volt peak into 75 ohm line. 

15 volt peak into 150 ohm line. 

22 volt peak into 300 ohm line. 

32 volt peak into 600 ohm line. 

The gain from the line terminals to the cathode 
ray tube deflector plates is about 40 db and a 
signal of 0-1 volt on the line terminals produces 
0-5 cm. deflection. 

With this degree of sensitivity a series fault of 
6 ohms may be detected at the full range of 
6 miles on a 0-375 in. coaxial cable. 
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Fig. 8.—Pulse fault locator : circuit waveforms. 
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Equipment. 

Fig. 9 is a photograph of the set showing its 
external features. The set is mounted in a metal 
carrying case as shown and the total weight is 


such that the set may be carried readily by one 
person. 
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network. The input connector of the calibrating 
network is plugged into the coaxial socket 
normally used for the cable on test. The output 
terminals of the calibrating network are con- 
nected via terminals on the block shown, to the 
input of the signal amplifier. 





‘3; 





Fig. 9.—Pulse fault locator. 


The valves which can be seen on the right- 
hand side of the front panel are associated with 
the master generator, zero and range marker 
generators, time base and line pulse generator. 

On the left-hand side of the front pane] are 
the power supplies, signal amplifier and certain 
of the cathode ray tube controls. 

The set operates on 230 volts, 50 c/s A.C. 
and the total power consumption is 150 watts. 

The set is at present undergoing a series of field 
trials. 


Operation. 


The range control is a 1,500 pF variable 
capacitor which forms part of the R.C. circuit 
of the range marker phantastron circuit. It is 
geared to the large dial on the front panel to give 
500 scale divisions. The dial is first set to zero 
and the “set zero” control is adjusted so that 
the leading edge of the range marker pulse 
coincides with the start of the scan and the 
initiation of the line pulse. 

Calibration is effected by means of an oscil- 
latory network somewhat simular to the arrange- 
ment already described. 

In the “ calibrate’ position of the key the 
signal amplifier is disconnected from the hybrid 


> 


(d) TESTING OF SYSTEMS USING 
COSINE PULSE. 


THE RAISED 

A television link may be specified and tested 
from video frequency input to video frequency 
Output in terms of its time response to certain 
specified waveforms. 

The 16th Plenary Assembly of the C.C.I.F. 
(International Telephone Consultative Commit- 
tee) held at Florence in 1951 provisionally 
agreed that one of the signals required for the 
complete testing of a television link would be 
a recurrent pulse of raised cosine shape. The 
raised cosine pulse is one cycle of a co-sinusoidal 
wave train as shown in fig. 1. The same wave 
shape may be derived by squaring every ordinate 
of a half sine wave ; for this reason the pulse is 
sometimes referred to as a sine squared pulse. 
The C.C.I.F. also recommended that the repeti- 
tion frequency should be the same as the picture 
line frequency (about 10 kc/s for the standard 
405 line, 25 frames per second interlaced system). 

The duration of the pulse at half-amplitude 
should equal one half period of the nominal 
upper cut-off frequency (video) of the link. 
Thus for a system having a cut-off frequency 
of 3 Mc's the appropriate test pulse would have a 
duration at half-amplitude of 0-17,s. From 
fig. 2 we see that for a raised cosine pulse of 
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0-17us duration the spectrum energy at 3 Mc/s 
has fallen by 6 db from the low frequency value. 

The G.E.C. Research Laboratories have 
designed a waveform test apparatus for use on 
625-line television systems which produces a 
composite wave-form comprising raised cosine 
pulses of 0-lus duration and normal line syn- 

















vik 
was se 


Fig. 10.—Raised cosine pulse generator and display 
unit. 


chronising pulses. In addition to this equip- 
ment, a more general purpose equipment has 
also been developed which provides a choice of 
raised cosine pulses with different durations, 
namely 0-34yus, 0-17s, O-lus and 0-O5us. The 
latter three pulse durations correspond to 
television systems of 405 lines (3 Mc/s cut off), 
625 lines (5 Mc/s cut off) and 819 lines (10 Mc/s 
cut off) respectively. 

The second equipment may be used for testing 
simple transmission networks such as amplifiers, 
filters and cables, or for overall testing of tele- 
vision links. The apparatus has been described 
in a recent paper** read before the, Television 
Society. Fig. 10 shows the equipment comprising 
the raised cosine pulse generator and display 
unit. 

The effect of the cut-off frequency of a system 
on the amplitude of a raised cosine pulse trans- 
mitted over it may be calculated, assuming the 
system has zero loss up to the cut-off frequency. 

The figures obtained using a raised cosine 
pulse of O-lyus duration at half-amplitude are 
given below : 

Cut-off frequency in Mc/s6 5 4 3 2 1 

(Received pulse < 100) 90 81 70 55 38 19 

Transmitted pulse 





The amplitude of the received pulse may thus 
be used as a direct measure of the cut-off fre- 
quency of the system; a suitably engraved 
graticule may be used on the cathode ray tube 
screen for this purpose. 

In fig. 11 are shown, by way of example, the 
results of transmitting a 0-1s pulse through low- 
pass filters with cut-off frequencies of 5, 3 and 
2 Mc/s. Fig. 12 shows the results of trans- 
mitting pulses of 0-05, 0-1 and 0-17us duration 
through a low pass filter with cut-off frequency 
of 5 Mc/s. 

For testing the transient response of linear 
systems with low pass characteristics the advant- 
ages offered by the raised cosine pulse may be 
summarised as follows : 


(1) It possesses a limited frequency spectrum. 

(2) Phase distortion is readily assessed from 
the asymmetry of the received pulse. 

(3) The indication of overshoot is very 
sensitive. 

(4) The waveform is easily reproducible. 

(5) It is expressible as a simple mathematical 
function. 

(6) The cut-off frequency of a system on 
test may be indicated directly in terms 
of symmetrical pulse height. 


(e) MEASUREMENT OF TRANSMITTED ECHO USING 
DOUBLE PULSE TEST SET. 


Fig. 13 shows how a transmitted echo is set 
up on a cable by double reflection from the 
impedance irregularities at points x, and x, ; 
x, and x, represent the distances from the sending 
end and r(x,) and r(x,) are the respective return 
current coefficients at these points. The mag- 
nitude of the transmitted echo is proportional 
therefore to the product r(x, ) r(x.) and the delay 
of the echo after the initial signal is given by 


0 = 5 (%2 owe x,) 
VU 





where wv is the velocity of 


propagation. Ona long cable circuit with many 
irregularities the value of the transmitted echo at a 
particular time @ after the main signal is composed 
of contributions from all pairs of irregularities 
bv 
* 
Direct measurement of the transmitted echo 
at the receiving end of a factory length of cable 
is very difficult because of the great difference 
in level between the main signal and the echo. 
An alternative method® in which the echoes 
returned to the sending end only are measured 
will now be described. This method is incor- 
porated in a double pulse test set now in use by 
Pirelli-General Cable Works at Eastleigh ; 
the principle is illustrated in fig. 14. 


spaced apart by the distance (x, —x,) 








eh a rN 


212 G.E.C. JOURNAL October, 1953 





0-I us raised cosine pulse. L.P. filter cut-off 5 Mc s. 





L.P. filter cut-off 3 Mc.s. L.P. filter cut-off 2 Mc:s. 


Fig. |1.—Effect of cut-off frequency on response. 








Pulse 0-O05us filter cut-off 5 Mc’s. Pulse O-lys filter cut-off 5 Mc/s. 


Fig. 12.—Effect of pulse 

duration on response 

for a_ fixed cut-off 
frequency. 





Pulse 0-17 us filter cut-off 5 Mc s. 
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In place of the single pulse normally used, 
a pair of identical pulses are transmitted separated 
in time by @us, as shown in the left-hand dia- 
gram. 

Each of these pulses gives rise to reflected 
currents and any pair of these currents arriving at 


r(x.) r(xX,) 


TRANSMITTED ECHC 


that is, to 


Dro} +Dbr(2 >) > 2r(x)r (x4 3) 
> r (x) “ 


which is the square law integration of the reflected 
currents from pulse (2), will be the 


» 


fv\)\ = 
Same as >I x > Pg 


Thus, by reading the integrator 


Since the two pulses are identical, 
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PROPORTIONAL TC 
| F(X, rOx,) 
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first with a single pulse applied to 
the cable and then with the two pulses 
applied, the delay @ being known, 


Ov 
INITIAL the term D2r(xr( x | 3] may be 


evaluated. 





x , x, 


Fig. 13.—Transmitted echo due to double reflections. 


the sending end at the same instant must 
obviously have originated in irregularities spaced 


bv = 
apart by the distance 5 . This is shown in the 


right-hand diagram on fig. 14 ; the instant when 
pulse (2) arrives at irregularity x, coincides with 
the instant when the earlier pulse (1), having 
been reflected from the irregularity at 
bv 

( x, - 7) arrives back at x,. 

If the return current coefficient at any point x is 

fv Av 

denoted by r(x) and at (: 5) by r(» >) 
then the current received at the sending end when 
the two pulses are transmitted 1s proportional to 
dy 
2 
is applied to a square law integrator, the reading 
will be proportional to : 


bv \) = 
>. x) 4 wee a9 | 
r(x) (s 4 


r(x) ( x If the total reflected current 


DISTANCE X 





This quantity has already been 
shown to represent the value of the 
transmitted echo arriving at the re- 
ceiving end @us after the main signal. 

By varying the delay @ between the pulses 
(1) and (2) and simultaneously taking the 
readings on the square law integrator, it is 
possible to plot the actual wave of transmitted 
echo as a function of @. 

Fig. 15 gives the results of a typical measure- 
ment on a 250 yard length of 0-375 in. coaxial 
cable ; the echo signals are seen to be very small 
compared with the main signal. 


(f) TESTING OF FEEDBACK AMPLIFIERS. 


In the past a measurement of its Nyquist 
diagram has been the accepted method for check- 
ing the nearness to self-oscillation of a feedback 
amplifier. 

To plot this diagram, the feedback path must 
be broken and the gain and phase shift measured 
round the open loop from beginning to end. 
The result is usually plotted as a locus diagram 
on polar co-ordinates, an example of which is 
shown in fig. 16. Nyquist’s criterion for stability 
of the amplifier is that the locus diagram shall 
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Fig. 14.—Use of double pulse method for direct indication of transmitted echoes. 
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not enclose the point (1,0 ), which corresponds 
to a loop gain 0 db and a phase shift of 0°. 
The proximity of an amplifier to oscillation and 
the probable frequency of oscillation if it occurs 
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refers to the condition of maximum forward 
gain, and the amplifier would, in fact, oscillate 
if the feedback loop were closed. 

The forward gain may be reduced by increas- 
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Fig. 15. Transmitted echo measured on a factory length of 250 yards of coaxial cable. 


may be estimated from such a diagram. An 
amplifier with the characteristic shown in fig. 16 
would oscillate, if the feedback loop were 
closed, at a frequency between 1:5 Mc/s and 
2 Mc's. 

The procedure for carrying out the measure- 
ment of the Nyquist diagram is rather difficult 
and tedious ; the information, once obtained, 
however, is extremely valuable to the 
circuit designer concerned with an ex- 
perimental amplifier. For production 
testing of amplifiers, the steady state method, 
giving the Nyquist diagram, is too elaborate 
and takes too much time ; a simpler method 
using pulse techniques has been found to 
give very promising results. 

Apart from the obvious simplicity of 
making a single observation rather than a 
point-by-point measurement, the pulse 
response method has the added advantage 
that the observation may be made while 
the gains of the various valve stages are 
being changed in some manner ; for ex- 
ample, as the valves warm up after being 
switched on. For pulse testing, the feed- 
back loop need not be broken: the pulse 
may be applied to the input terminals and 
the response measured at the output ter- 
minals with the feedback path normal. 

To study the relationship between the 
steady state characteristics, as given in the 
Nyquist diagram, and the pulse response, 
an amplifier was built having the loop gain 
characteristic shown in fig. 16. This curve 





ing the suppressor bias voltages on the valves 
in the amplifier ; this may be seen from the top 
three curves in fig. 17. The effect of this would 
be to shrink the curve of fig. 16 radially towards 
the mid-point without changing its shape. Ifthe 
loop is closed and the suppressor bias voltage is 
reduced, a series of curves is obtained as shown 
in the lower three curves of fig. 17. 
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Fig. 16.—Amplifier loop gain and phase characteristic 
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When the suppressor bias voltage is zero the 
amplifier frequency response has a sharp peak 
at 1:75 Mc/s; if the bias were to be made 
sufficiently positive this peak would rise and 
become sharper until finally the amplifier would 


low QO factor. As the suppressor bias voltage 
is reduced the pulse responses shown in 
figs. 18(b) to 18(d) are obtained, indicating 
an increasing O factor of the equivalent tuned 
circuit and a consequent reduction in the margin 

















WITHOUT FEEDBACK 





a + 








GAIN db «6 


iol _ 





SOkc’s 1\O00kcs FREQUENCY iMc's 2Mcs 5 Mcs 


Fig. 17.—Amplifier transfer gain characteristic. 


begin to oscillate. The steady state characteristic 
is clearly similar to that of a tuned circuit. 
Changing the suppressor voltage is equivalent 
to changing the O value of the tuned circuit. 
The results obtained from pulse tests on the 
same amplifier are shown in fig. 18. Fig. 18(a) 
shows the pulse response with a suitable negative 
suppressor voltage so that the amplifier is stable 
and the gain-frequency characteristic is reason- 
ably flat ; this is equivalent to a tuned circuit of 


@) 








(b) 
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x ‘ ~ = 
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of stability against self oscillation. The frequency 
of the damped oscillations in fig. 18(d) is about 
1-75 Mc/s, as would be expected. 

The many advantages of pulse testing of feed- 
back amplifiers are discussed very fully in the 
paper by Espley, Cherry and Levy, to which 
reference has already been made, and no more 
has been done here than to draw attention to the 
possibilities of the method for indicating the 
stability margin in production testing. 
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Fig. 18.—Feedback amplifier. Change of pulse response with suppressor voltage. 
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APPENDIX I. 


If the wave shapes shown in fig. 1 are parts 
of periodic signals having a repetition period 7, 
then the periodic signals may be expressed in the 
well-known Fourier Series form 


nN SS. 
; . rt TI 
f(t) =A, > (4+ 008 2. F ! By sin2n.7) (1) 
n—| 


With symmetrical pulses of the form shown, 
equation (1) may be simplified by choosing the 
time origin arbitrarily at the middle of the pulse 
duration ¢,; the series then consists of cosine 
terms only. 


A, and A, are both functions of the pulse 


shape, height / and the ratio 2, and may be 


expressed generally as follows : 
wl 
A, | {(t) dt (2) 
TJo- 


1,—= [ ft)oos2n. 2. dt 3 
41, 7 CUS 2h. =; \ J) 
i 7 QO J if . 


The series expansion coefficients 
for the four pulse shapes shown in 
fig. (1) are given below. 
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HALF SINE PULSE. 
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Pressurised System for Electrical Control in 
Hazardous Atmospheres 


By S. W. RICHARDS, M.1.Min.E. 


Mines Department. 





ONSIDERABLE _at- 
, tention is being given 
to the design of elec- 
trical equipment for use in 
hazardous areas, particularly 
to those situations where the 
gases classified in Group IV 
in British Standard No. 229 
apply. These gases comprise 
hydrogen, acetylene, carbon- 
disulphide, blue water gas 
and ethyl nitrate. 
In the footnote to the 





this article. 


Although the pressurised system 
was originally designed to control 
electrical apparatus in situations 
where hydrogen and some ex- 
cluded gases are present, it can 
also be used with advantage 
where other inflammable gases 
are concerned. The novel method 
of “* pilot control”? on which the 
system operates 1s described in 


The connecting cable may, 
and in fact should, be pro- 
tected with a flexible metallic 
braid or armouring, but the 
danger is always present that 
with the continual flexing and 
the liability of its being dam- 
aged by trucks running over 
it, or from any other cause, 
a spark is always liable to 
occur either between the 
wires or from wire to earth. 
Perhaps the only satisfactory 








Specification it is pointed out 

that the maximum safe gap as determined 
experimentally for these gases is too small to be 
practicable for the class of apparatus to which 
flameproof enclosure is commonly applied. This, 
in effect, bans the use of even flameproof 
apparatus, as generally designed, in such situa- 
tions. 

It must be clear that lighting of some sort 
must be available for manufacturing processes 
where these gases are present, as it is not always 
practicable to rely on daylight. Moreover, light 
transmitted from outside the building is not 
always adequate, particularly where concen- 
trated illumination is needed for special jobs or 
processes. 

Even in other gases, portable lighting appar- 
atus is often essential, which actually is a ready 
source of danger, as while the fitting can be made 
to conform to the flameproof requirements and, 
in fact, is tested in the appropriate gases, no 
Flameproof Certificate is awarded on account of 
the fallibility of the connecting cable. As a 
matter of tact, no full Flameproof Certificate 
has been awarded for portable mains lamps, 
only a Test Report, which states that the lamp 
has been tested in the appropriate gas, but no 
Certificate will be issued. Such a Report 
cannot be regarded as a substitute for a Flame- 
proof Certificate. 


way to meet and overcome 
these hazards is to encase the wires and apparatus 
in an envelope of air or other non-flammable gas 
such as CO,. This arrangement is not new. 
Many years ago the Germans devised the Duster- 
loh system, and later Mr. H. O. Dixon used the 
method at West Horton Collieries. In both 
systems any fracture of the containing tube or 
apparatus resulted in the escape of the com- 
pressed air with a reduction in pressure. This 
operated a pressure valve situated near the main 
switch which isolates the building or section from 
the supply. In both cases the drawback was 
the time lag which occurred before the current 
was cut off owing to the draining of the whole 
system of air and also, in the case of a portable 
and compressible tube (which must be used for 
a portable lamp), the likelihood of the tube 
being compressed by a weight on it and so 
throttling the air supply and isolating the control 
switch. This would accentuate the delay in the 
cut off. 


THE PRESSURISED SYSTEM. 

In the new system developed and patented 
by The General Electric Co. Ltd., the disadvan- 
tages mentioned above are completely overcome. 

Fig. 1 shows a schematic diagram of the system 
which comprises two circuits : the lighting and 
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Fig. |.—Schematic diagram of pressurised system. 


control circuits. This article is concerned only 
with the control circuit. The whole system 
depends on the operation of the special pressure 
responsive switch, shown in fig. 2 and diagram- 
matically in fig. 2(a), which is a micro switch 





held in contact against a spring bias, and kept 
closed by a positive air pressure within the 
system. It will be seen that the control system is 
fed from a transformer through a relay. Both 
the transformer and relay are certified as being 
intrinsically safe for use in the appro- 
priate gases, including hydrogen. The 
circuit is made through all the pressure 
responsive switches in the system, or 
an appropriate part of the system, con- 
nected in series. Thus, should any 
switch open, the current is instantly 
cut off by the control relay tripping the 
circuit breaker. This happens when 
a fracture occurs in a casting or cover 
glass of a lamp, a break in a flexible 
tube or conduit, a leakage in a switch, 
relay or fuse cover, or failure of the 
air supply. Another protective feature 
is that when such fracture or leakage 
occurs, the enclosed air emerging 
through the fracture or leak keeps 
away the surrounding gas-laden atmo- 
sphere for the very limited time 
which elapses until the current 1s 
cut off. 


Fig. 2.—Pressure responsive switch. 
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EQUIPMENT AND FITTINGS. 

The system is ideal for controlling a portable 
lamp (fig. 3). The special lamp illustrated is 
made of neoprene, which is resistant to the action 
of oil, petrol and so forth, and is, of course, an 
insulator, all of which are very necessary require- 
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CASE a flameproof circuit breaker suitable 











stand the internal pressure of 3} lb. per sq. in., 
and to have a gasket to prevent leakage. Some 
of these features are shown in fig. 5. 

The transformer, relay, switch, etc., are suit- 
ably housed in a pressurised control box which 
is placed in a convenient position even in a 
danger area. This box is illustrated 
in figs 6 and 7. While it is per- 
missible to house the control box 
in a hazardous area it is absolutely 
essential that automatic means shall 
be provided elsewhere either in a safe 
area or, if no safe area is available, by 


for operating in the area, and situated 
in a Group II or III position. This 
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breaker must be one specially adapted 
¥%;, to break the circuit and cut off the 
current in the pressurised area imme- 
diately the air supply fails. This can 








— ~ be done by a simple pressure respon- 
nme Canin MOVING CONTACT ARM sc Sive «Switch situated alongside the 


TUFNOL DRIVE ROD 
(SECURED TO PISTON) 


Fig. 2a.—Diagram of detailed construction of the pressure 


responsive switch. 


ments when the lamp might be used in aircraft 
hangers, service stations, garages, or other 
situations where oil or petrol is present. 

In fig. 4 it will be seen that the pressure 
responsive switch is here shown integral with the 
unit, while in other situations the switch is 
designed to fit into standard conduit boxes in 
the system. This drawing also shows the lamp 
in section, and it will be observed that the glass 
cover is gripped by the body of the lamp and 
secured by the clamp. 

An additional feature is that where fluorescent 
lighting is required a special fitting has been 
designed incorporating a 2 ft. tube in a Perspex 
cover as shown in.fig. 5. 

On the extreme right in fig. 4 is shown a 
section of the hose which also is of neoprene, and 
is constructed in three compartments, first to 
provide separate channels for the pilot and 
lighting wires and, second, to stiffen up the 
construction so as to enable it to avoid collapsing 
and thus throttling the air supply. Normally 
about 60 ft. of hose can be conveniently used 
with the lamps which can be fitted with 
hooks to permit them to be suspended from any 
convenient projection. 

The system can also be adapted for various 
designs of tungsten and fluorescent fittings, the 
only requirements being that the fitting would be 
adaptable for conduit connection, to be able to 


breaker, if convenient, which breaks 
the circuit of the no-volt coil in its 
associated circuit breaker. This 
breaker is so designed that it can be 
reset only by the operation of a 
special removable key, held by a 
responsible person, and then only if the pressure 
responsive switch is closed by the air supply. 
The system must necessarily be able to deal 
with any humidity or condensation in the air 





Fig. 3.—Portable lamp and hose. 
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supply. To counter such conditions, small 
needle valves should be placed at convenient 
points in the system to provide means for drain- 
age, and these valves can also be used if necessary 


thus ensuring that the protective medium, the 
air pressure, Js in order. 

The pressurised method can also be applied to 
the housing of non-flameproof meters-in glazed 
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Fig. 4.—Section of lamp and of hose. 





to provide a slight permanent bleed. Whenever 
the section has been switched off for repairs and 
opened up, it is advisable to open the needle 
valves and scavenge the system with air for a 
minute or so, then close the needle valves, when 
the pressure will rise to the required amount to 
operate the pressure switch and so enable the 
current to be switched on. The point must 
here be stressed that it is only after the air 
pressure has been restored that the current can 
be switched on, and this has to be done manually, 
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cases, thus doing away with the necessity of 
using flameproof meters. 

It is, of course, ideal for portable lighting, 
since this type of lighting always involves a 
double risk in hazardous situations : first, the 
shock hazard, and, second, the ignition hazard. 
In the special pressurised system both are taken 
care of, the tube and lamp being of insulating 
neoprene prevents shock, and the air protection 
guards against explosion; in addition, the 
neoprene is not normally affected by oil or petrol, 
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Fig. 5.—Pressurised fluorescent tube fitting. 
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1, the a very desirable feature in aircraft 

operations and oil industries. : 
ied to In fig. 8 is shown the special barrier | 
slazed coupling box for connecting up the air 


and power supply from one section 
to another in a safe area; supply is 
then taken from the barrier box 
into the hazardous area in which 
the equipment is pressurised. 

The system is also particularly 
elastic in its application, and no rigid 
rules of installation and maintenance 
are needed. If it is not kept airtight 
‘ it immediately fails to safety, and thus 
constitutes its own safeguard, without 
the necessity of continual tests. 

The system generally comprises 
a complete conduit installation with 
an addition of flexible tubing where 























portable apparatus is required. In it Fig. 6.—Control box. 

| are incorporated pressure responsive 
ity of switches at convenient points. It may happen central position ; in other cases, as in the event 
. that such switches will only be needed to control of portable apparatus being used, the switch 
hting, a number of fittings, and could be placed in a should be situated at the end of the flexible 
ves a tube away from the power 
t, the m | : supply. In the special port- 
azard. = ie ean able lighting fitting the switch 
— | | t | +] [ is integral with the rubber 
ating | : se body of the lamp fitting. In 
ection il Lo bel a addition to the foregoing a 
» the == control unit is necessary to 
etrol, one. neinccne = house the transformer, relay 
SWITCH and, in most cases, a con- 


tactor. Additional gear re- 
quired would be a safety valve, pressure gauge 
’ needle and stop valve. 
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A TYPICAL INSTALLATION, 

In order to follow the detailed operation of 
the system it is of interest to consider the 
diagram of a section of a recent installation in 

| the hydrogen area of an oil refinery (fig. 9). 

In this installation the control cabinet is placed 

9 in the hydrogen area, and the control switch 

Ji2 3 sisi ‘oe Ft = in a contiguous area which is classified as 
an OM | SV et RR Group II. In the diagram, which is self- 
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SUPPLY fr TTT] a explanatory, it will be seen that the flameproof 

INDICATOR LAMP | | | circuit breaker is situated in an area which 

; 45 + _ can be either Group II or III and is controlled 

,AIR PRESSURE io | first by a no-volt coil, and this in turn is in 

aoe 1 | | | series with a pressure responsive switch. 

die at Oe : a This ensures that the breaker cannot be put 
EARTH |le ISAMP.FUSES | | L090-—Vv in unless the no-volt coil is energised through 

ee a © ee | the pressure switch, and this cannot be closed 
yr oe yo unless the air supply is satisfactory. Similarly, 
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should the air supply fail, the current is imme- 
diately cut off by the breaker. An added re- 
finement is the provision of a removable key to 
the breaker, so that only the person in charge of 
the key can put on the switch even if the air 
supply is satisfactory. The necessary air line 


equipment is also shown together with the 
scavenging and bleed valves. 

The control switches, one on each circuit, are 
of a certified type, and actuated from a no-volt 
coil. This coil is in series with the contacts of a 
pressure responsive switch so that unless the 
air supply is maintained the main circuit breaker 
cannot be even momentarily closed. The opera- 
tion, therefore, would be that first the scavenging 
valves would be opened before the air pressure 
is turned on, then in a minute or so the valves 
would be closed and the air pressure allowed to 
build up. Immediately it reached the required 
pressure of 3} lb. per sq. in., the indicating 
lamp would record and the current could then 
be manually switched on, which would light up 
the other recording lamp. Unless all the pres- 
sure responsive switches in the circuit are 
properly closed the contactor in the control box 
will not operate. 

A possible development which is now being 
considered is to house the control gear and main 
automatic switch in a combined flameproof 
compartment, which, however, would be situated 
either in a safe area or a Group II or III area. 

Provision would be made in the hydrogen 
area that the outside control could be switched 
off manually in case of need by a switch on the 
intrinsically safe circuit. This would in no way 


Fig. 8 —Barrier coupling box. 
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prejudice the automatic control in the case of the 
air supply failing. 


GENERAL CONSIDERATIONS. 


It will be obvious that a little thought must be 
given to details in the physical layout of lighting 


fittings. For instance, it is normally not good 
practice to suspend heavy fittings on long lengths 
of conduit where the whole weight of conduit and 
fitting depends upon the thread of the conduit ; 
in addition, such practice encourages the collec- 
tion of moisture in the fitting due to condensa- 
tion. This is even more important where a 
pressurised system is used, for while it is 
possible to drain the liquid by a needle valve it is 
not practicable to have this needle valve at the 
end of a fitting suspended in mid-air. It is far 
preferable to have the fittings fastened to the 
connecting boxes of a horizontal conduit ; such 
an arrangement is infinitely stronger and lends 
itself to efficient drainage, as the needle valves 
can be placed at the ends of the horizontal conduit 
run. 

A very necessary precaution in pressurised 
systems is to insert non-return valves in the 
air supply to avoid any remote possibility of the 
hydrogen or its associated gases percolating back 
in the event of a fracture of a fitting and the 
failure of the air supply. Experiments are also 
being made to develop a simple flame trap for the 
same purpose. 

This article has dealt with lighting in the 
excluded gas area, but it readily follows that 
control of power and other electrical equipment 
such as meters and the like can easily be accom- 
plished by the pressurised method. 
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Fig. |.—General view of blast furnaces nos. | and 2 with their associated blast stoves 
at the Rotherham Works of the Park Gate Iron & Steel Co. Ltd. 


A New Control System for Electrically-driven 
Blast Furnace Blowers 


By C. WATSON, Fraser & Chalmers Engineering Works 
and H. F. NORTH, G.E.c. Engineer, Sheffield Branch. 


INTRODUCTION. 

ITH the growing 

emphasis -on_ the 

heavy engineering in- 
dustry as one of the principal 
sources of the exports which 
are essential to our national 
economy, the processes by 
which the requisite basic 
materials are produced be- 
come of increasing interest 
and importance. Iron and 
steel are among the most 
vital of these materials, and 
this article deals with the 
employment of the latest 
techniques in the conversion 
and controlled application of 








The grid-controlled mercury 
arc rectifier has long been recog- 
nised as an efficient means of pro- 
viding a variable voltage supply 
for D.C. motors which are re- 
quired to operate over a wide 
speed range. This article des- 
cribes an installation in which this 
type of equipment is used in con- 
junction with standard pneumatic 
regulators to control the speed of 
electrically-driven blast furnace 
blowers, thereby providing a reli- 
able and flexible method of regu- 
lating automatically the volume 
of air supplied to the furnaces. 








electrical energy for providing 
the requisite volume of air 
needed in the smelting pro- 
cess, one of the first stages in 
iron and steel production. 
The smelting operation is 
carried out in a blast furnace. 
Iron ore, coke and limestone 
are charged into the top of 
the furnace shaft, while the 
air for combustion, which is 
preheated in its passage 
through the hot blast stoves, 
enters through tuyéres at the 
lower end of the shaft. The 
combustion of the coke and 
the liquefaction and gasifica- 
tion of the charge cause the 
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stock column to move down through the shaft, 
and the hot air, reacting with the coke, forms 
carbon monoxide which passes upwards through 
the stock performing the work of reduction. 
The resulting iron and slag are tapped off from 
the base of the furnace. 
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It is usual for blast furnace air to be supplied 
by a steam turbine-driven centrifugal blower 
designed for variable speed operation to suit the 
blower characteristic and range of furnace duty. 
A large proportion of steel works in this country 
and the Commonwealth have in service such 





Fig. 2.—Two 2,200 h.p. motor-driven turbo-blowers supplying air to nos. | and 2 
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blast furnaces. 


The quantities of air to be dealt with are large 
and may amount to three or four tons of air for 
every ton of iron produced according to the grade 
of ore and nature of the burden. The largest 
furnaces demand volumes of air exceeding 
100,000 cu. ft. per minute. Moreover, because 
smelting is of necessity a continuous process, 
furnaces often operate for five or more years 
without shutting down, and since extensive 
damage to the furnace may result from a failure 
in the air supply, complete reliability of the 
equipment providing the air blast is essential. 
For normal operation, the delivery of a constant 
quantity of air is required for a given charge, 
even though the resistance to the passage of the 
air through the charge varies, but controlled 
regulation of the air supply is necessary when 
Starting up or shutting down the furnace, when 
tapping is taking place and in cases of emergency. 
Thus, reliability, accuracy and flexibility of 
control are the criteria by which the equipment 
supplying the air blast must be judged. 


turbo plant, built at the Fraser & Chalmers 
Engineering Works. However, where an ade- 
quate supply of electricity is available the use of 
electric drive for the turbo-blowers becomes a 
distinctly attractive proposition. 

An interesting form of variable speed drive by 
D.C. motor has been developed by The General 
Electric Co. Ltd. In this system, grid-controlled 
mercury arc rectifiers, combined with a standard 
type of pneumatic regulator, are used to provide 
accurate automatic control of the motor speed 
and, hence, of the quantity of air delivered. 

An installation incorporating this type of 
control has recently been completed at the 
Rotherham Works of the Park Gate Iron and 
Steel Co. Ltd., where two blowing engines of the 
reciprocating type, operating on blast furnace 
gas, have been replaced by turbo-blowers (fig. 2). 
The availability of a bulk electricity supply from 
the national Grid together with an additional 
supply from the Works generating station, 
suggested the use of motor-driven equipment, 
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and it was but a short step from this idea to the 
evolution of a scheme in which grid-controlled 
rectifiers provide the necessary variable voltage 
to give the wide range of speed variation required 
of the motors and blowers. In designing this 
system, the basic principle was maintained that 
the actual control function should remain the 
province of the pneumatic regulators, the grid 
control of the rectifier output voltage serving 
merely to translate the demands of the regulators 
into the speed response of the blower motors. 
It should be explained that the grid control 
system is, for all practical purposes, instantaneous 
in operation and is capable of releasing the whole 
of the power available from the supply trans- 
former in order to effect the necessary speed 
change. The rate of response is therefore 
actually determined by the operation of the 
pneumatic regulators. 


BLOWERS. 


The blowers, which were manufactured at the 
Company’s Erith Works, each deliver a maxi- 
mum of 30,000 cu. ft. of free air per minute at 
an outlet pressure of 10 Ib./sq. in. gauge, or 
25,000 cu. ft. per min. at 15 Ib./sq. in. gauge, 
under atmospheric conditions of 30 in. Hg and 
60 degs. F. The approximate blower charac- 
teristics are shown in fig. 3. 

The blower is of the multi-stage, single flow, 
centrifugal, uncooled type having four 42 in. 
diameter impellers. The construction conforms 
to well-established practice and comprises cast- 
iron intermediate casings for each high-pressure 


stage; these, together with the inlet and discharge 
casings, are split on the horizontal joint, so that 
the upper half can be lifted for inspection of the 
rotor without disturbing any other part of the 
blower. Shaft and interstage packings are of the 
labyrinth type to minimise air leakage. The 
impeller discs, side plates and blades are of a 
high-quality steel ; the blades are of channel 
section riveted to the disc and side plate. 


ELECTRICAL PLANT. 


Each blower is flexibly coupled through 4-42 
to 1 ratio speed-increasing gears of double 
helical type to a 2,200 h.p. 770/580 r.p.m. D.C. 
motor. Two grid-controlled, steel tank mercury 
arc rectifiers provide the 750 volt supplies to the 
motors, each rectifier being a twin-cylinder 
equipment rated at 1,740 kW. The rectifier 
cylinders are of the Company’s standard pump- 
less, air-cooled design and each unit is fitted with 
field anodes for the excitation of the correspond- 
ing blower motor. 

The high-voltage supplies to the rectifiers are 
controlled by an 11 kV duplicate busbar metal- 
clad switchboard. One set of busbars is con- 
nected to the incoming 11 kV supply from the 
Grid, while the second set is fed from the Works 
generating station through a 3,900 kVA trans- 
former which steps up the voltage from 3-3 kV. 
Each of the incoming feeders is equipped with 
a 400 amp., oil-immersed, triple pole isolator, 
while the outgoing feeders to the rectifier trans- 
formers are fitted with spring-operated oil 
circuit breakers having a breaking capacity of 
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Fig. 3.—Approximate turbo-blower characteristics. 































224 G.E.C. JOURNAL 


stock column to move down through the shaft, 
and the hot air, reacting with the coke, forms 
carbon monoxide which passes upwards through 
the stock performing the work of reduction. 
The resulting iron and slag are tapped off from 
the base of the furnace. 
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It is usual for blast furnace air to be supplied 
by a steam turbine-driven centrifugal blower 
designed for variable speed operation to suit the 
blower characteristic and range of furnace duty. 
A large proportion of steel works in this country 
and the Commonwealth have in service such 
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Fig. 2.—Two 2,200 h.p. motor-driven turbo-blowers supplying air to nos. | and 2 
blast furnaces. 


The quanuties of air to be dealt with are large 
and may amount to three or four tons of air for 
every ton of iron produced according to the grade 
of ore and nature of the burden. The largest 
furnaces demand volumes of air exceeding 
100,000 cu. ft. per minute. Moreover, because 
smelting is of necessity a continuous process, 
furnaces often operate for five or more years 
without shutting down, and since extensive 
damage to the furnace may result from a failure 
in the air supply, complete reliability of the 
equipment providing the air blast is essential. 
For normal operation, the delivery of a constant 
quanuty of air is required for a given charge, 
even though the resistance to the passage of the 
air through the charge varies, but controlled 


regulation of the air supply is necessary when 
Starting up or shutting down the furnace, when 


tapping is taking place and in cases of emergency. 
Thus, reliability, 


supplying the air blast must be judged. 


accuracy and flexibility of 
control are the criteria by which the equipment 


turbo plant, built at the Fraser & Chalmers 
Engineering Works. However, where an ade- 
quate supply of electricity is available the use of 
electric drive for the turbo-blowers becomes a 
distinctly attractive proposition. 

An interesting form of variable speed drive by 
D.C. motor has been developed by The General 
Electric Co. Ltd. In this system, grid-controlled 
mercury arc rectifiers, combined with a standard 
type of pneumatic regulator, are used to provide 
accurate automatic control of the motor speed 
and, hence, of the quantity of air delivered. 

An installation incorporating this type of 
control has recently been completed at the 
Rotherham Works of the Park Gate Iron and 
Steel Co. Ltd., where two blowing engines of the 
reciprocating type, operating on blast furnace 
gas, have been replaced by turbo-blowers (fig. 2). 
The availability of a bulk electricity supply from 
the national Grid together with an additional 
supply from the Works generating station, 
suggested the use of motor-driven equipment, 
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and it was but a short step from this idea to the 
evolution of a scheme in which grid-controlled 
rectifiers provide the necessary variable voltage 
to give the wide range of speed variation required 
of the motors and blowers. In designing this 
system, the basic principle was maintained that 
the actual control function should remain the 
province of the pneumatic regulators, the grid 
control of the rectifier output voltage serving 
merely to translate the demands of the regulators 
into the speed response of the blower motors. 
It should be explained that the grid control 
system is, for all practical purposes, instantaneous 
in operation and is capable of releasing the whole 
of the power available from the supply trans- 
former in order to effect the necessary speed 
change. The rate of response is therefore 
actually determined by the operation of the 
pneumatic regulators. 


BLOWERS. 


The blowers, which were manufactured at the 
Company’s Erith Works, each deliver a maxi- 
mum of 30,000 cu. ft. of free air per minute at 
an outlet pressure of 10 Ib./sq. in. gauge, or 
25,000 cu. ft. per min. at 15 lb./sq. in. gauge, 
under atmospheric conditions of 30 in. Hg and 
60 degs. F. The approximate blower charac- 
teristics are shown in fig. 3. 

The blower is of the multi-stage, single flow, 
centrifugal, uncooled type having four 42 in. 
diameter impellers. The construction conforms 
to well-established practice and comprises cast- 
iron intermediate casings for each high-pressure 





stage; these, together with the inlet and discharge 
casings, are split on the horizontal joint, so that 
the upper half can be lifted for inspection of the 
rotor without disturbing any other part of the 
blower. Shaft and interstage packings are of the 
labyrinth type to minimise air leakage. The 
impeller discs, side plates and blades are of a 
high-quality steel; the blades are of channel 
section riveted to the disc and side plate. 


ELECTRICAL PLANT. 


Each blower is flexibly coupled through 4°42 
to 1 ratio speed-increasing gears of double 
helical type to a 2,200 h.p. 770/580 r.p.m. D.C. 
motor. Two grid-controlled, steel tank mercury 
arc rectifiers provide the 750 volt supplies to the 
motors, each rectifier being a twin-cylinder 
equipment rated at 1,740 kW. The rectifier 
cylinders are of the Company’s standard pump- 
less, air-cooled design and each unit is fitted with 
field anodes for the excitation of the correspond- 
ing blower motor. 

The high-voltage supplies to the rectifiers are 
controlled by an 11 kV duplicate busbar metal- 
clad switchboard. One set of busbars is con- 
nected to the incoming 11 kV supply from the 
Grid, while the second set is fed from the Works 
generating station through a 3,900 kVA trans- 
former which steps up the voltage from 3-3 kV. 
Each of the incoming feeders is equipped with 
a 400 amp., oil-immersed, triple pole isolator, 
while the outgoing feeders to the rectifier trans- 
formers are fitted with spring-operated oil 
circuit breakers having a breaking capacity of 
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Fig. 3.—Approximate turbo-blower characteristics. 






















250 MVA. With these arrangements it is possible 
to supply either or both of the blower equipments 
from either of the incoming feeders. 


METHOD OF CONTROL. 

The speeds of the blower motors are varied by 
controlling the voltage of the outputs from the 
rectifiers. The control scheme is exactly the 
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thereby raising the speed of the blower motor. 
As the blower speed increases, the automatic 
phase shifter comes into operation and eventually 
takes over complete control, varying the speed 
of the motor so as to maintain a constant volume 
air supply to the furnace. The operation of the 
Askania constant volume regulator may be 
followed by reference to fig. 5. 

The volume of air entering 
the blower is measured by 
means of a Venturi throat in 
the suction main giving a 
differential pressure of 4 in. 
water gauge at maximum 
volume. The elements of this 
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same for both blowers and the basic essentials of 
the system are illustrated in the block schematic 
diagram (fig. 4). 

Two phase-shifting transformers are con- 
nected in the grid circuit of the rectifier. The 
first of these is driven by a small geared motor 
unit which 1s controlled by “ raise ”’ and “‘ lower”’ 
push buttons mounted on the front of the grid 
control cubicle. The output of this unit is fed 
into the primary of the second phase shifter 
which is automatically operated by an Askania 
constant volume regulator. The secondary 
winding of this phase shifter 1s connected to the 
primary of the grid pulse transformer, the 
6-phase output of which is fed to the grids of the 
rectifier. This transformer is designed to provide 
an output voltage of approximately square wave 
form, the steeply rising wave front ensuring 
extreme precision in timing the firing of the main 
anodes. The negative bias voltage for the grids 
is supplied, through a stabilising potentiometer, 
by a 3-phase, bridge-connected metal rectifier, 
the input to this rectifier being provided by the 
negative bias transformer. The 230 volt primary 
supply for both the negative bias transformer 
and the motor-operated phase shifter is obtained, 
via an auto-transformer, from a tertiary winding 
on the main transformer. 

During starting, the motor-operated phase 
shifter 1s used to increase the rectifier output, 





differential pressure are ap- 

BLAST plied to the opposite sides 
FURNACE of the flexible diaphragm 4, 
in the regulator. The result- 

ing force on the diaphragm is 
transmitted by a push rod, 

B, to a jet pipe, D, pivoted at 

its lower end and supplied 

with high-pressure oil. The 

force exerted by the push 

rod is balanced by means of 


Fig. 4.—Block schematic diagram to illustrate the basic control scheme. a control spring, E, which is 


connected to the opposite 
side of the jet pipe. The other end of this spring 
is attached to a plunger, F, provided with a 
screw adjustment by means of which the com- 
pression of the spring may be varied. 

Opposite the nozzle of the jet pipe are situated 
two adjacent orifices which are connected through 
pipes to opposite ends of the phase shifter control 
cylinder in which moves a piston connected 
through a link mechanism to the rotor of the 
automatic phase shifter. The compression of 
the control spring is adjusted so that, if the 
volume of the air flow is at the value required, 
the forces exerted by the spring and the push rod 
are exactly balanced when the jet pipe is in the 
mid-position. Under these conditions, the oil 
jet issuing from the nozzle will impinge equally 
on the two orifices, so that equal pressures will 
be transmitted to each end of the control cylinder, 
and the piston will remain stationary. There 
will, therefore, be no movement of the rotor ot 
the phase shifter, and the blower will continue 
to run at constant speed. 

Should the furnace resistance fall, the air flow 
will tend to exceed the desired value and the 
pressure on the diaphragm will increase, so that 
the jet pipe will be tilted to the left until the force 
on the push rod is again balanced by the control 
spring. A larger proportion of the oil jet will 
now impinge on the left-hand orifice and, there- 
fore, a greater pressure will be transmitted to 
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the left-hand end of the control cylinder so that 
the piston will move to the right. The resulting 
motion of the phase shifter will be in such a 
direction as to decrease the output of the rectifier, 
and the blower speed will fall until the volume 
of the air flow is again at the value required, at 
which stage the jet pipe will return to the mid- 
position and equilibrium will be re-established. 
If the furnace resistance increases, the air flow 
will tend to decrease; the action of the regulator 
is then reversed and the output of the rectifier 
is increased to produce the necessary acceleration 
of the blower. It will be evident that the degree 
of compression of the control spring, which can 
be adjusted by means of the plunger, F, deter- 
mines the air volume to which the unit will 
regulate. 
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The system is prevented from hunting by 
means of an overtaking gear which consists of a 
cylinder, G, containing a piston, H, which is 
normally held in the mid-position by means of 
springs. The cylinder is connected in series with 
the control cylinder of the phase shifter so that 
operation of the regulator causes the piston to 
move. This in turn produces a corresponding 
movement of the plunger, F, by means of the 
pivoted link J, and the resulting variation 
of the regulator setting is in such a sense 
as to prevent over-regulation and consequent 
hunting. 

It will be appreciated that careful consideration 
must be given to the design of the control 
arrangements for a system which possesses con- 
siderable mechanical inertia and is driven by a 
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Fig. 5.—Simplified schematic diagram of the control scheme for each turbo-blower. 
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large power unit, capable of high speeds of 
response, and operating against a load having 
the elastic properties of a compressible fluid. 
Those familiar with modern servo mechanism 
techniques will recognise the advantage of the 
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L, is balanced by a force proportional to the outlet 
pressure of the blower. This pressure is applied 
to a bellows impulse system, M, which is con- 
nected to a pivoted dummy jet pipe, N, by a 
system of levers. The deflection of this dummy 


Fig. 6.—The Askania regulators, automatic phase shifter 
and oil supply control panel. 


instantaneous response of the grid-controlled 
rectifier system in avoiding <ny additional ume 
lags in the control circuit so that the control 
characteristics are dictated by the Askania 
regulator. Thus, it has been possible to develop 
this new system without departing from the 
fundamental principles of an established and 
well-tried control device. 

A second Askania regulator is provided to 
prevent surging of the turbo-blower by operating 
a relief valve in the discharge main which blows 
off to atmosphere sufficient air to ensure that 
the volume handled by the blower 1s never less 
than the surging volume. 

As before, the elements of the differential 
pressure across the Venturi throat are applied 
to the opposite sides of a flexible diaphragm, K. 
In this case, however, the force on the push rod, 


pipe is transmitted to the actual jet pipe through 
a contact roller, P, the position of which can be 
varied by means of the screw adjustment, Q. 
Movement of this roller varies the ratio of the 
forces exerted by the two impulse systems when 
the jet pipe is in its mid-position, so that O 
functions as a setting adjustment for the regu- 
lator. 

The two orifices on which the oil jet impinges 
are connected to opposite ends of a piston valve, 
R. When surging conditions are approached, the 
pressure in the discharge main rises and the flow 
volume falls, and the jet pipe is deflected to the 
left so that a greater pressure is transmitted to 
the right-hand end of the piston which then 
moves to the left. In moving, the piston uncovers 
the inlet to a pipe which is connected to the lower 
end of the relief valve control cylinder. High 
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pressure oil, obtained from a separate supply, is 
directed through this connection to the underside 
of the control cylinder piston which moves 
upwards, opening the relief valve to pass suffi- 
cient air to atmosphere to prevent surging. 

When the blower is operating under normal 
conditions at volumes above the surging limit, 
the differential pressure on the diaphragm, K, 
is more than sufficient to overcome the force 
applied by the bellows impulse system. As a 
result, the jet pipe is permanently tlted to the 
right so that the oil pressure is transmitted, by 
way of the piston valve, to the top of the control 
cylinder, and the relief valve is held in the 
closed position. 

The setting of the constant volume regulator 
is such that there can be no interaction between 
the two regulators when surging conditions are 
approached. 


CONTROL EQUIPMENT. 

The two regulators are mounted side by side 
on a cast-iron pedestal, as may be seen 1n fig. 6, 
which also shows the automatic phase shifter 
with the control cylinder supported on an exten- 
sion of the top plate. The oil pump motors, 
which are energised from a 440 volt, 3-phase 
supply, are controlled from a panel adjacent to 
the phase shifter. 


The rectifier cylinders are housed in sheet 
steel cubicles (fig. 7), each with its own auxiliary 
apparatus including anode chokes, anode fuses, 
cooling fan, and ignition and excitation equip- 
ment. The grid control equipment for each pair 
of cylinders, including the motor-operated phase 
shifter, is enclosed in a separate sheet steel 
cubicle which also houses various protective gear. 
On the front of this panel are mounted an 
ammeter, a voltmeter, a speed indicator, operat- 
ing switches and indicating lamps, while the air 
flow volume is indicated on a meter mounted 
above the cubicle. 


OPERATION. 


To start either blower, the appropriate circuit 
breaker is first set to the busbars selected. The 
isolator and breaker are now closed to connect 
the supply to the main transformer from which 
the rectifier main anodes are energised. At the 
same time, the field supply transformer, the 
secondary winding of which is connected to the 
three field anodes, is energised from a tertiary 
winding on the main transformer. Thus, the 
motor field is energised as soon as ignition takes 
place. 

The grid control gear is also supplied from the 
main transformer tertiary winding so that the 
motor-operated phase shifter can now be brought 





Fig. 7.—The two 1,740 kW, 750 volts, grid-controlled mercury arc rectifier 
equipments supplying the two 2,200 h.p. driving motors. 
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into operation by pressing the “ raise”’ push 
button on the front of the grid control cubicle, 
thus starting the phase shifter motor. 

The mode of operation of the two phase 
shifters is illustrated by the curve shown in 
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‘“‘ raise’ push button is maintained until the 
motor-operated phase shifter has reached the 
limit of its travel, corresponding to point D, as 
indicated by a lamp on the front of the control 
cubicle. The “ automatic” phase shifter now 
assumes complete control, the motor-operated 
unit remaining in its limiting position. 

On shutting down the plant, the “ automatic ”’ 
phase shifter returns to its original low-voltage 
position, but the motor-operated unit, although 
de-energised, remains in its 
maximum voltage position since 
there is no supply to its driving 
motor. In order to restart the 
blower motor after reconnecting 
the supply to the main trans- 
former, this phase shifter must 


BOTH 
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Fig. 8.—Principle of operation of the two phase shifters. 


fig. 8, from which it will be seen that at point A, 
with the phase shifters at zero, the blower is 
stationary. As the motor-operated phase shifter 
is advanced to point B, voltage appears at the 
motor terminals and the blower starts to rotate. 
It gathers speed with increasing voltage and, by 
the time point C is reached, it will be delivering 
air in sufficient quantity to bring the Askania 
regulator into operation. The pressure on the 


AT ZERO ° » 2 
be returned to its original 
* position by pressing the “‘lower”’ 
‘oniea push button, an interlock being 


provided to ensure that the 
rectifier cannot be ignited until 
this operation has been com- 
pleted. 

This installation has now 
been in operation for several 
months during which time it 
has given completely satisfac- 
tory service, considerable operational benefits 
having resulted from the flexibility of control. 
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Self-unloading Ships 


By G. F. WHITEWAY 


Fraser & Chalmers Engineering Works. 




















considerable use in general cargo vessels. 





The high cost of labour 1s tending to make the installation of self-discharging plant in mer- 
chant ships an increasingly attractive proposition. Also by speeding up unloading, and thus 
shortening the period of turn-round, it materially increases the ship’s earning capacity. The 
deciding factors are the type of cargo, the number of ports of call and the discharging facilities 
likely to be available at the unloading points. 

Although the equipment 1s obviously best suited to ships carrying bulk cargoes, it is also of 


In this article the author traces the evolution of self-unloading gear from the era of its instal- 
lation in pontoons and barges to the present day, when vessels are planned and built to take 
equipment specifically designed to handle the cargoes they will carry. 








INTRODUCTION. 

HE employment of self-discharging plant 
on board floating vessels, while compara- 
tively new in its application to large sea- 

going ships, is not new in principle. Plants of 
this nature in various forms have been in regular 
use for many years in smooth water inside 
docks and harbours, to provide port facilities, as 
for example ship coaling plants on pontoons or 
barges. Many examples of this type of vessel 
are in operation in the United Kingdom and 
abroad. Dredgers and similar vessels have 
regularly made use of self-discharging plant (as 
distinct from pumps) and other special-purpose 
vessels have been similarly fitted. 

The age-old method of discharging a cargo by 
means of the ship’s own winches and derricks or 
by shore-based cranes will, without doubt, con- 
tinue for many typesf cargo, although in some 
cases at ports abroad, where the supply of local 
labour is both cheap and unlimited, the use of 
manual discharging is still in vogue, and likely 
to remain so. 

In the case of easily flowing bulk cargoes, 
however, it has long been recognised that, with 
suitable plant installed in the ship itself, a 
continuous and uninterrupted flow could be 
maintained from ship to shore, with consequent 
Saving in time and with the minimum of skilled 
attention. 

The fundamental principle of the gravity flow 
of granular or bulk cargo was all that was 
required, and where such cargo could be carried 
in suitable holds such as hopper-bottomed 


bunkers for withdrawal through gates, the 
application of conveyors and elevators to such 
bunkers was the obvious solution, and no differ- 
ent from that employed on shore-based plants. 

This was the system which was employed in 
the earlier types of self-unloading vessels, such as 
the barges and pontoons referred to above, and 
which has persisted in all types and sizes of ships 
to the present day. For, once the practicability 
of unloading a ship in a continuous stream by 
plant contained within itself was conceded, there 
seemed no end to the variety of applications 
which could be employed. 


EARLY DESIGNS. 

The genesis of the self-unloading ship might 
well be exemplified by reference to fig. 1, which 
illustrates one of the earliest types of self-unload- 
ing barge. Here, the only unit of plant employed, 
other than the hoppers and gates, is the belt con- 
veyor, which in this case both conveys and 
elevates, and so does all that is necessary to 
transfer the cargo to the elevator on the pontoon 
on which the barge attends. 

The hoppers in the barge were so constructed 
that the angle of their sides ensure self-trimming 
of the cargo to the gates, and where the barges 
were narrow, only one row of outlet gates and 
one conveyor were required. In the wider barges 
it was necessary to arrange for two lines of outlet 
gates and two conveyors to ensure the same 
result. 

Examples of these alternative arrangements 
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are shown in the cross-sectional views in 
fig. 1, from which it will be seen that the con- 
veyors are housed in longitudinal tunnels while 
the gates are operated by an attendant from a 
separate alleyway running alongside each tunnel, 
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ships through side ports or for loading overside 
for other purposes. 

Such combined pontoons were later built 
double-ended and increased in length and 
capacity so that two elevators could be mounted 








NARROW BARGE 


























ELEVATOR PONTOON 


SELF- UNLOADING ATTENDANT BARGE 


Fig. |.—One of the earliest types of self-unloading barge. 


into which alleyways the gate handwheels pro- 
trude. By alternate manipulation of the gates, 
the floating trim of the barge could be kept more 
or less constant and no undue interruption to 
the outflow of cargo would arise. 

Such spaces as are left between the hopper- 
bottomed bunkers and the sides of the barge 
were utilised as ballast tanks with the bunkers 
themselves designed to provide the utmost cubic 
capacity for cargo consistent with self-trimming. 

A further development consisted in combining 
the hoppers, conveyors and elevators all in one 
pontoon, as shown in the diagram in fig. 2, thus 
dispensing with the necessity for employing a 
separate attendant hopper barge. The elevator 
was provided with hinged telescopic chutes at its 
head end and these were used when bunkering 








on the same pontoon, each elevator being fed by 
one of two conveyors running under a double line 
of hoppers. An example of such a double ended 
pontoon is given in fig. 3. This double arrange- 
ment greatly accelerated the coaling of ships. 
Coaling pontoons, such as those described 
above, were intended mainly for use in still 
waters, and, having no propelling machinery of 
their own, were towed about as required in the 
docks and harbours in which they operated. 
Coaling barges, as described above, were 
designed and built by the Dutch firm of Werf 
Gusto, Ltd. of Schiedam, and were provided 
with propelling machinery of their own. An 
example of such a vessel built by this firm, 
coaling a large steamship, is shown in fig. 4. 
In cases where the lift was not required to 

















Fig. 2.—Installation of hoppers; conveyors and elevator in one pontoon. 
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Fig. 3—Double-ended pontoon. 


be so high, inclined belt conveyors were used 
instead of elevators and these were found more 
economical. 

The time came when a much more ambitious 
arrangement was provided in the self-unloading 
steamer illustrated in fig. 5, for here was an 
actual steamer furnished with two lines of hopper 


any 





bunkers and belt conveyors, and with an elevator 
rising to an appreciable height, which elevator 
was not only provided with swivelling telescopic 
loading-out chutes but, in addition, a slewing 
crane for manipulating the chutes. This vessel 
was described as a self-discharging collier carry- 
ing two thousand tons of coal on a 14 ft. 








[By courtesy of Werf Gusto, Ltd., Schiedam, Holland 


Fig. 4.—Barge fitted with propelling machinery coaling a large steamship. 
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draught and having a rate of discharge of 250 tons 
per hour. Designed and built by William 
Doxford & Sons, of Sunderland, her dimensions 
were 200 ft. in length by 43 ft. beam and 18 ft. 
6 in. moulded depth. 
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the ship by suitable haulage tackle, and the cargo 
was thus outloaded on shore either in piles on 
the wharf or into whatever type of plant was | 
installed to receive it. 

This was the type of self-unloading ship which 
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Fig. 5.—Self-unloading steamer. 


These builders were also responsible for the 
design and construction of many of the self- 
unloading barges and pontoons previously 
described and illustrated, and they may be said 
to be among the pioneers in the building of this 
type of craft. 

A further development in the design of self- 
unloading steamers was the employment of a 
belt conveyor mounted on a hinged swivelling 
boom in place of the high elevator used for 
bunkering large ships. This boom was raised 
and lowered by purchase tackle attached to a 
steel tripod frame from the top of which the 
forward end of the boom was suspended. The 
rear end of the boom was supported on hinge 
pins attached to a swivelling block mounted on 
the deck between the tripod legs. This boom 





has now come to be in general use in those parts 
of the world where such ships are mostly to be 
found, and they vary only in details and type of 
handling plant which operate inside the ship. 

The main characteristics visible from outside 
which distinguish this type of ship are the boom 
and its supporting tripod which vary in type and 
construction according to the length and size of 
the belt conveyor carried upon it. 

Until quite recently all the larger self-unload- 
ing vessels were of one general type, whether 
converted from existing cargo vessels or specially 
built for the purpose, and their overall charac- 
teristics conformed to a similar pattern, what- 
ever type of conveyor or elevator was employed. 

In their outward appearance, as shown in 
fig. 6, the outstanding feature in nearly all cases 





Fig. 6.—Self-unloading ship of the type used on the Great Lakes and inland waterways of North America. 














conveyor was fed by a bucket elevator rising 
from within the ship and was itself fed by the 
belt conveyors running under the bunkers in 
the hold. 

The boom, when raised clear of its housing 
deck supports, was slewed out over the side of 


is the steel frame boom carrying the outloading 
conveyor and this, together with the conspicuous 
tripod for the boom hoist, the elevator and the 
winch house and the arrangement of machinery 
and boilers right aft, stamp them unmistakably 
for what they are. 
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Most, if not all, self-unloading ships of this 
type are to-day employed on the Great Lakes and 
inland waterways of the United States of 
America and Canada, and the extensive use of 
such ships may be said to have become confined 
chiefly to these regions, where some of the 
earliest examples of vessels converted to these 
uses are still in operation. 
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Fig. 7.—Cross-section of the U.S. naval collier Achilles 
converted to a self-unloading ship. 


APPLICATIONS. 


In many cases a vessel already built and in 
regular service has been acquired and converted 
for use as a self-unloading ship. The most suit- 
able types are those where the propelling ma- 
chinery is arranged at the after-end, when it is 
only necessary, so far as the internal structure of 
the ship is concerned, to modify the holds to 
form a longitudinal series of hopper-bottomed 
bunkers, each hopper being made suitable for 
applying an outlet gate of the controlled type 
required. 

These hoppers, as already described and shown 
in fig. 1, may be in one line occupying the full 
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11,081 gross tons. She was built in 1915, by 
the Maryland Steel Co., Baltimore, and was 
514 ft. long by 65-2 ft. beam and 36:5 ft. deep. 

Originally employed in the service of the 
Panama Railroad Co., of New York, she was 
engaged as a naval collier in the Panama Canal 
Zone and was accounted a most successful ship. 
From about 1925 she was laid up for a number 
of years, being purchased towards the end of 1934 
by the American Steamship Co., of Buffalo, for 
conversion into a self-unloading ship, work on 
this conversion being begun in December, 1934. 

She was the type of ship which was best suited 
for such conversion, having her machinery right 
aft; and the arrangement of the original holds 
presented no great difficulty in converting them 
for use as bottom discharge bunkers. 

There were originally four main cargo holds 
with two oil holds at the forward end, and in 
converting these main holds a new bottom was 
fitted sloping at 35° towards the two tunnels 
in which the conveyors were to be fitted. This 
new bottom was kept as low as possible in order 
to give the maximum cargo capacity, and the 
bottom tank top in the way of the conveyors was 
recessed 12 inches so as to provide sufficient 
height for the conveyors. When converted in 
this way the cross section of the ship became as 
shown in fig. 7. 

Hopper bottoms with rectangular openings 
were constructed in units and were welded in 
place at 6 ft. centres along the bottom of the 
newly built-in main side plates, forming cross 
saddles having 60° slopes, and the new structure 
was supported from the tank top at the tunnel 
width by channel stanchions spaced at 3 ft. 
centres. The original oil holds at the forward 
end were taken out and the space thus left was 
made available for conveyor drives and elevator 
boot and other purposes. 
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Fig. 8.—Longitudinal profiles of the Achilles and her sister ship, the Ulysses. 


width of the vessel, or may be arranged in two 
rows along the port and starboard sides, leaving 
a tunnel under each line of outlets running fore 
and aft, inside which tunnels are arranged the 
belt conveyors or any alternative form of 
reclaiming unit. 

One of the earliest ships of any considerable 
size converted into a self-unloading ship was the 
United States naval collier Achilles, a vessel of 


On account of the rise of the conveyors at 
their forward end to the necessary height for 
feeding across to the elevator in the forward hold, 
the new hopper bottoms and outlets were built 
to conform to this rise. 

The sister ship of the S.S. Achilles, the 
Ullyses, was similarly converted at the same 
time and the longitudinal profile of each ship 
after conversion was as shown in fig. 8. 
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As will be seen in this profile, the outloading 
conveyor above deck was carried in a framed 
boom in conformity with the length and size of 
the conveyor. ‘This conveyor was fed by an 
elevator rising out of the fore hold, and the 
general outside appearance of the ship conforms 
to the silhouette in fig. 6 so far as its above- 
water elevation is concerned. 


re oa 
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displacement of the hinge pin with reference to 
the lever chain anchorage causes the apron plate 
to be lowered, though remaining always in 
charge of the chain. 

In a similar way, when the gate is closed, the 
apron plate is lifted up by the lever and chain, 
again assuming a horizontal position at the end of 
the travel. 
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Fig. 9—Diagram of the outlet gates of the Achilles and Ulysses. 


The designed unloading capacity of the con- 
veyors and elevator in each of these two ships 
was 1,400 tons per hour when dealing with their 
coal cargo of 10,000 tons, so that the cargo could 
be outloaded in from six to seven hours ; though 
this capacity could be reduced to about 950 tons 
per hour by means of variable speed control so 
as to reduce the possibility of breakage in the 
case of abnormally friable coal. (An important 
consideration 1n sea-going vessels with a standard 
cargo which may vary much in its characteristics. ) 

Coal is fed from the bunkers on to the long- 
tudinal hold conveyors by a series of special type 
outlet gates designed to occupy the minimum 
height and give a smooth forward delivery on 
to the belt. 

From fig. 9 it will be seen that each gate 
consists of a horizontal plate fixed to a travelling 
carriage on wheels. To this plate is attached a 
hinged flange-sided plate which is automatically 
lowered when the gate 1s opened and acts as an 
apron chute for delivering the discharged coal in 
a forward direction on to the conveyor belt. The 
wheeled carriages under the gate run on con- 
tinuous rails on each side of the conveyor, which 
extend the full length of the tunnel under the 
hoppers in the way of all the gates. 

The traversing carriage is operated by means 
of a handwheel through a spur reduction gear 
and drum, on which is wound a chain, anchored 
fore and aft to brackets on the carriage. 

The hinged apron plate is controlled by a lever 
to which is attached a chain anchored to the 
adjacent cross bulkhead plate. As the wheeled 
carriage is moved aft by the opening gear the 


Built over the belt conveyor under the gates 
is a continuous line of skirtplates, as shown in 
the cross section in fig. 10 and the hinged apron 
plate is specially shaped so as to nest inside the 
inclined sides of the skirt plates when the full 
opening travel of the gate is reached, thus giving 
support to the apron plate and relieving the 
anchor chain lever from continuous strain when 
loading. 

The two hold belt conveyors are 42 ins. wide, 
and run at a normal speed of 470 ft./min., and 
are of a length sufficient to receive coal from all 
of the outlet gates in each line and accommodate 
themselves to the forward rise to the cross feeders 
to the elevator at a point approximately 20 ft. 
above the general tanktop. 

Two cross feeder conveyors receive coal from 
the head ends of the hold conveyors and deliver 
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CROSS SECTION 


Fig. 10.—Cross-section of part of the equipment seen 
in fig. 9 showing the continuous line of skirtplates. 
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it to a common receiving hopper which feeds 
the coal to the elevator. The elevator consists of 
a series of interlocking steel pans 96 in. wide 
mounted on a double strand chain 30 in. pitch 
and inclined at an angle of 42°, and is of 
sufficient length to discharge the coal on to the 
boom conveyor above deck, the total lift being 
approximately 56 ft. 

Coal thus discharged from the elevator is fed 
on to the boom conveyor through a swivelling 
chute which accommodates itself to the slewing 
positions of the boom. 

The outloading boom which carries a 54 in. 
wide belt conveyor is 188 ft. in total length, and 
is pivoted to the deck at its tail end under the 
head of the elevator. It is constructed in the 
form of a braced jib and when not at rest on its 
deck supports is suspended about midway along 
its length on a multiple-cable hoisting tackle 
from the head of the steel “A” frame which 
has its head centred over the boom pivot. The 
boom can be swung laterally through a total 
angle of 226° and luffed up to an angle of 
20°, and is handled by two steam winches. 

The boom conveyor is driven at its tail end 
by a 200 h.p. motor through a spur gear, and the 
belt has a normal speed of 526 ft. /min. 

The total cargo capacity of the Achilles is 
approximately 455,000 cu. ft., divided into six 
self-trimming holds. 

The whole of the unloading equipment in 
both the Achilles and the Ulysses was supplied 
and installed by Hewitt-Robins Inc., New 
York, with whom Fraser & Chalmers are 
associated in the design of this class of equip- 
ment. 

The above general description of the cargo 
outloading equipment of the S.S. Achilles 
and her sister ship Ulysses, while applying 
more particularly to those ships, is generally 
applicable to most other ships of this size using 
hold belt conveyors, which have been similarly 
converted for use on. American waterways, and 
a list of such is given in the accompanying Table. 

Other self-unloading ships have different types 
of plant installed in them, some of them much 
smaller, while others, though operating on the 
Canadian Lakes and waterways, were built in 
Great Britain and mention of some of these is 
made later. 


SCRAPER BUCKET METHOD. 


Although the majority of the self-unloading 
ships converted in the United States made use of 
the belt conveyor with feed-on gates in the 
tunnels under the hold hoppers, there has come 
into use the scraper bucket as an alternative 


means for reclaiming cargo discharged from the 
hoppers. 

In such cases the floor of the tunnel under the 
hoppers becomes a trough into which the cargo 
flows through hinged side doors, there to be 





TABLE 1. 
Con- 
Name Date Dimensions YeT- 
Built sion 
Date 





George F. Rand, for- 1911 532 ft. long 1936 
merly W. C. Agnew* 58 ft. beam 
31 ft. deep 
6,533 tons 





Thunder Bay Quarries, 1907 511-5ft.long 1932 


formerly John J. Bo- 54:1 ft. beam 
land. 26:7 ft. deep 
6,493 tons 





Diamond Alkali, for- 1917 580ft. long 1932 


merly Frank UH. 60 ft. beam 
Goodyear 27°9 ft. deep 
8,409 tons 





Dow Chemical, for- 1912 511-lft. long 1932 
merly Louis R. 56-2 ft. beam 
Davidson 26:2 ft. deep 

6,612 tons 





J. L. Reiss, formerly 1906 489 ft. long 1933 
W. K. Bixby 52:2 ft. beam 
26°5 ft. deep 
5,398 tons 





J. F. Schoellkopf, Jnr., 1907 532 ft. long 1933 


formerly Hugh Ken- 56 ft. beam 
nedy. 31 ft. deep 
7,264 tons 





Consumers Power, for- 1910 504ft. long 1934 
merly Harry Yates. 56 ft. beam 
26 ft. deep 
6,391 tons 





John J. Boland, for- 1905 480ft. long 1936 





merly United States 52 ft. beam 
Gypsum ex Stephen 30 ft. deep 
M. Clement. 5,821 tons 
J. S. Ashley. 1909 509.7 ft. long 1937 
54-2 ft. beam 
26:7 ft. deep 
6,993 tons 





United States Gyp- 1910 511.1 ft. long 1932 
sum, formerly Thun- 56-2 ft. beam 
der Bay Quarries ex 26:2 ft. deep 
Theodore H. Wick- 6,612 tons 
wire, Jnr. 











NOTES. 
In cases where the same name occurs twice these 
are not the same ships but successors to one another. 
* Cubic capacity after conversion 406-100 cubic feet. 
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intercepted and hauled away by the scraper 
bucket. 

The scraper bucket is hauled backwards and 
forwards through the tunnel by a winch situated 
in the forehold and carries a bucket-load of 
cargo out on each forward journey, delivering it 
into the receiving hopper which feeds on to the 
elevator, or conveyor, rising above deck. An 
example of such an arrangement, using the drag 
scraper bucket, applied to a coasting type of ship 
is illustrated in fig. 11. This clearly shows the 
action of the drag-scraper system used in com- 
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and is anchored back on the trolley carriage in 
the manner shown, the effect of so doing being 
to raise the back end of the bucket up to the 
trolley so that they both travel back locked 
together. 

Since the drums on the winch are each driven 
separately, it will be recognised that when the 
back-haul rope is in tension, pulling the bucket 
back, the load-haul rope is slack, or relieved 
from any pull from the winch drum concerned, 
merely pulling the rope from the winch drum by 
reason of its attachment to the front of the bucket. 





Fig. 11.—Profile of the Valley Camp fitted with Sauerman drag scraper. 


bination with an elevating conveyor to above- 
deck and delivering to a slewing and luffing 
boom conveyor for outloading on shore. 

The drag scraper and haulage winch are of 
the Sauerman type with the hauling ropes 
operating over sheaves arranged to accommodate 
them in the required running directions inside 
the holds and tunnel of the ship. 

By reference to the arrangement shown in fig. 
]2 it will be seen that there are two separate ropes, 
one attached to each of the separate drums on 
the haulage winch. 

One rope goes directly to the front of the 
scraper bucket and is used for hauling the loaded 
bucket in the forward direction. The other rope 
is taken overhead from the winch through an 
enclosure under-deck in the way of the holds, 
over a system of rope sheaves, and 1s attached at 
its outward end to a travelling trolley carriage 
to which is connected the rear end of the bucket, 
and is used for hauling back the empty bucket 
to a position for dragging another load forward. 

This back-haul rope is reeved ‘through the 
sheaves on the travelling trolley and the rear of 
the bucket in such a way that, when the bucket 
is hauled backwards, it is raised up at an angle so 
that it may ride over any pile of cargo which has 
accumulated in its rear on the tunnel floor and 
so avoid dragging such piles backwards. The 
rope runs over the sheave in the trolley and round 
the sheave in the bracket at the rear of the bucket, 


Conversely when the winch is put into gear 
for hauling the bucket forward to pick up its 
load, the back-haul is relieved of tension and so 
allows the bucket to settle down on to the tunnel 
floor in a horizontal position for scooping up the 
cargo out of the pile in front of it. 

The travelling trolley, which raises the rear of 
the bucket during the backward haul, runs on a 
track formed by a steel joist extending along the 
length of the tunnel. At each end of this track is 
fixed a stop block which limits the forward and 
backward travel of the trolley carriage. 

When the trolley has reached the limit of its 
backward travel it is brought to a stop with the 
bucket raised and locked to the trolley, and auto- 
matically stops the winch. 

During the forward travel of the bucket the 
trolley is dragged along in its wake until the 
trolley reaches the forward end stop on the 
track, when it is brought to a standstill; but the 
bucket itself, with the load it has picked-up, 
travels on up a ramp to the receiving hopper into 
which the load drops, and the winch is again 
automatically stopped. 

This, then, completes the full cycle of the 
backward-and-forward travel of the scraper 
bucket, and the cycle repeats itself, either auto- 
matically or by manual control, until the required 
amount of cargo is outloaded. 

Along each side of the tunnel under the cargo 
hoppers, in which the scraper bucket operates, 
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Fig. 13.—Midship section of the Valley Camp. 


is ranged a series of top-hinged outlet gates 
which are swung open in succession, as required, 
and hooked upwards, the cargo flowing by 
gravity on to the tunnel floor to a height which 
is easily negotiable by the bucket. 


rising above deck and discharging in turn to a 
swivelling boom conveyor outloading on the 
wharf. 

The inclined conveyor on its way from the 
forward hold to its above-deck discharge end 1s 
enclosed in a steel plate casing in the way of the 
hold bunkers and above-deck, being supported 
at its head end on a steel frame which also carries 
the boom hoisting tackle. 

A boom hoist winch is located on deck at the 
lower end of the above-deck conveyor casing, 
and the boom, when hoisted free of its deck 
housing rests, is slewed as required by veering 
ropes and tackle operated by winches from 
convenient positions on deck. 

Several ships equipped in the manner des- 
cribed above have been built for service in 
Canadian waters, one of them being built in this 
country by Swan, Hunter and Wigham Richard- 
son, Ltd., at Newcastle-on-Tyne in 1927, for 
Mr. James Playfair, of Midland, Ont. 

This vessel, the Valley Camp, of which a 
general profile is given in fig. 11, was 252 ft. long, 


Fig. 14.—Profile of the Coalfax and Coalhaven. 


The remainder of the outloading equipment, 
as shown in fig. 12, consists of a cross-vibrating 
Sherwen type feeder under the receiving hopper 
which feeds on to an inclined belt conveyor 


with a beam of 43 ft., and was designed to carry 
a cargo of 2,000 tons deadweight on about 14 ft. 
draught. 

In the Valley Camp were arranged two 














Fig. 15.—Cross-section of the Coalfax 


and Coalhaven. 
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Separate tunnels under the hold bunkers, in each 
of which operated a drag-scraper similar to that 
already described. The midship section of the 
Valley Camp is as shown in fig. 13 which 
also indicates the buckets and gates. 

Two other self-unloading vessels, built in this 
country for operation on Canadian inland 
waters, were the Coalfax and Coalhaven. Built 
in 1926 and 1927 by the Furness Shipbuilding 
Co. Ltd., they were of similar size to the Valley 
Camp each being about 243 ft. long and 43-ft. 
beam. 

In the case of these two vessels, however, belt 
conveyors were employed in the two tunnels 
under the hold bunkers, and two auxiliary belt 
conveyors in the forward hold acted as feeders 
to a single bucket elevator rising above deck and 
discharging on to a slewing and luffing boom 
conveyor delivering the cargo outboard on shore. 

The whole of the self-unloading equipment, 
in both the Coalfax and the Coalhaven was 
supplied and installed by Fraser & Chalmers 
Engineering Works. 

The general profile of the Coalfax and 
Coalhaven is as shown in fig. 14, the cross- 
section being illustrated in fig. 15. 

When cargo in powdered form, such as cement, 
is carried, the usual arrangement for outloading 
on to the wharf would be unsuitable for obvious 
reasons, and in such cases use is made of a 
sealed container in the forehold into which the 
cement or other air-laden powder is discharged 
from the receiving hopper through an alternative 
outlet, and from there drawn pneumatically by 
pipeline into receiving facilities based on shore. 

Powdered cargo could quite well be handled 
in the hold tunnels by the drag-scraper bucket 
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provided that no violent air currents had access 
to the tunnels or forehold, and in cases where 
such cargo is likely to be carried and conveyed 
below deck the precaution advocated is to 
arrange for the space from the top of the bucket 
ramp to the underside of the deck, including the 
receiving hopper itself, to be sealed by longi- 
tudinal bulkhead screens over the full width of 
the ramp and receiving hopper, and extending 
from the tunnel outlets up to the across-bulkhead 
screen near the forepeak. 

Such a sealed-off section would ensure still 
air in the operating sphere of the scraper bucket 
and cause little or no obstruction to the efficient 
working of the conveyors rising to above-deck. 
The scraper winch, being below the bucket 
ramp, would not be affected, and, moreover, 
would be protected from dusty cargo settling on 
it or its driving motor. 

Observation into the sealed-off section could 
be gained through a port in the control cabin 
adjoining the receiving hopper and access could 
be provided through a sealed door situated at 
tank top level near the tunnel entrance. 


RECENT DEVELOPMENTS. 


Other applications of alternative equipment 
for the handling of cargo both above and below 
deck in connection with the self-unloading 
ships could be suggested to suit particular cases, 
and various combinations of the equipment 
already described have, in fact, already been 
put into practical use in the United States and 
Canada. 

The most recent example of a self-unloading 
ship is one which bears little, if any, resemblance, 
so far as its external visible characteristics are 
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Fig. 16.—The self-unloading .bauxite ore carrier Carl Schmedeman. 
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concerned, to the more familiar type of such 
vessels hitherto in use, except that she looks the 
type of vessel which might be so converted as 
others have been. 

This vessel is the self-unloading bauxite 
ore carrier, Carl Schmedeman, built in 1952 
by Vickers-Armstrong at Barrow for the 
Reynolds Jamaica Mines Ltd., and delivered 
in November, 1952. She was launched on 
May 12th, 1952. 

The Carl Schmedeman is designed to carry 
a deadweight capacity of 13,780 tons on a length 
of 500 ft. and a breadth of 66 ft., and her general 
appearance is as shown in figs. 16 and 17. 

Her machinery is arranged right aft, and the 
arrangement of the holds and conveyor tunnels 
is very similar to those built in the S.S. Achilles 
already described, and shown in cross-section 
in fig. 7. 

The two hold conveyors are of the same size 
and capacity as those in the Achilles, and the 
gates on the hopper outlets under the bunkers 
are identical with those used in the Achilles 
(figs. 9 and 10). 


But whereas in most, if not all, of the self- 
unloading ships already described, the hold con- 
veyors run forward to a receiving hopper in the 
forehold, those in the Carl Schmedeman run 
aft to the stern end where they incline and there 
deliver directly on to a short shuttle conveyor 
running athwartships. 

This shuttle conveyor, when not in use, is 
housed completely inside the stern of the ship 
and is capable of handling the combined capacity 
of both the hold conveyors which feed to it. 
It is designed to be reversible in the direction of 
the belt run and is mounted on rails on the floor 
of the compartment in which it is housed. 

Square ports built into each side of the stern 
opposite to the ends of the shuttle conveyor 
allow it to be run out on one side or the other, 
sufficiently far to enable it to deliver its load on to 
a shore-based conveyor adjacent to the ship at 
the port of unloading. 

The whole of the conveyor equipment and 
the bunker outlet gates in the Carl Schmede- 
man were supplied and installed by Fraser & 
Chalmers Engineering Works. 





Fig. |17.—The Carl Schmedeman. 





































Equipment for Uskmouth Power Station 


By A. F. MORGAN, A.M.IL.E.E. 


Engineer, G.E.C. South Wales Area. 





Fig. | —60 MW, 11-8 kV, 3,000 r.p.m. hydrogen-cooled turbo-alternator, with the turbine 
control board at the far end. 


ITUATED on a 600- 
S acre site where the River 

Usk flows into the 
Severn Estuary, this station 
will be among the largest in 
Europe, and, when finally 
completed in 1955, will have 
a capacity of 360 MW. 

The site has excellent ac- 
cess to fuel supply, good rail 
transport, ample _ cooling 
water, good facilities for ash 
disposal and is well situated 
in relation to the demand for 
electrical power. The type 
of ground, however, was not 
so favourable as the land is 
marshy and some 9,000 piles, 


between 50 and 70 ft. long, had to be driven 
to provide solid foundations. 
fall of the tide approximates to 44 ft., the 
pumping station had to be built below the level 








The 360 MW UskmouthPower 
Station was officially opened by 
the Mayor of Newport, Councillor 
William Pinnell, B.E.M., on 
Wednesday, October 7th, with 
the first two turbo-alternator sets 
supplying 120 MW to the Grid. 

In this article the author 
briefly describes the generating 
plant, switchgear and auxiliaries, 
with particular reference to cer- 
tain features of design and 
methods of control which repre- 
sent the most up-to-date power 
station practice in this country. 





As the rise and 








of the river bed. A caisson 
164 ft. by 110 ft. by 80 ft., 
weighing 40,000 tons, forms 
the sub-structure of the pump 
house and 1s the largest ever 
to be sunk under compressed 
air. 

L. G. Mouchel & Partners 
acted as consulting civil en- 
gineers with Mr. Johnson 
Blackett, F.R.I.B.A., Borough 
Architect to Newport Cor- 
poration, as architectural con- 
sultant. 


CONTRACTS. 
The General Electric Co. 
Ltd., was the main electrical 


contractor responsible for the turbine and 
electrical equipment for the whole of this 
power station with the exception of the 132 kV 
switchgear. The cables were manufactured and 
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Fig. 2.—The hydrogen control panel. 


supplied by the Pirelli-General Cable Works, 
Ltd. The contract covered the design, manu- 
facture and erection of six 60 MW hydro- 
gen-cooled turbo-alternators, six 70 MVA, 
11-8 kV 140-7 kV _ generator-transformers, 46 
auxiliary transformers totalling 88 MVA, no less 
than 500 motors aggregating some 50,000 h.p. 
for boiler house and station auxiliaries, 32 grid- 
controlled rectifiers totalling 17,000 kW and 


Fig. 3.—Arrangement of the 
shaft seal : 


. Rotor shaft. as 
. Cup seal. 

. Gas seal ring. - 
. Shoulder a oil seal. ALTERNATOR 
. Oil seal face. INTERIOR 

. Cup seal. 

. Seal ring locating pin. 
. Bearing pedestal. 

. Seal oil inlet. 

. Seal housing. 

. Alternator end cover. 
. Expansion bellows. 
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over 100 switchboards for 3,300 volt and 415 volt 
service. In addition some 117 miles of high and 
medium voltage cables have been supplied for 
the power station as well as over 3} miles of 
132 kV single core oil-filled cable for connections 
between the generator transformers and the 
132 kV switchgear and for feeders connecting 
the Uskmouth Power Station to the overhead 
lines to Lydney, Gloucester, Cardiff and to 
Llantarnam. 


GENERATING PLANT. 
‘TURBINES. 

Each of the steam turbines is designed for 
a C.M.E.R. (continuous maximum economic 
rating) of 60 MW at 3,000 r._p.m. Normal 
steam conditions at inlet are 900 lb. per sq. in., 
900 degs. F., and the normal vacuum at 60 MW 
load with circulating water at 56 degs. F. is 
28:9 in. (30 in. bar). Feed water heating is 
carried out in 5 stages to a final temperature of 
385 degs. F. at60 MW. Recent steam consump- 
tion tests have shown that these sets are among 
the most efficient of this size ever built. 

The turbine has two cylinders: 20 stages in the 
high-pressure casing, and 6 stages on each side 
of the double flow low-pressure casing. The 
steam inlet to the H.P. casing is adjacent to one 
of the L.P. exhaust casings, so that the steam 
flows towards the front pedestal, thence through 
two overhead pipes to the centre of the L.P. 
casing where the flow divides towards the two 
exhausts. This layout, in conjunction with the 
following arrangements, considerably simplifies 
the problems of thermal expansion. 
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Fig. 4.—The turbine control board with the supervisory control panel 


on the right. 


The turbine and alternator rotors are rigidly 
coupled together and only one thrust bearing is 
provided. It is located adjacent to the journal 
bearing at the steam inlet end of the H.P. rotor 
almost in the vertical plane of the traverse keys 
which secure the L.P. exhaust casing to the 
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foundation girders at this point. 
Thus the thrust bearing 1s vir- 
tually fixed and both the H.P. 
and L.P. casings and their 
respective rotors can expand 
freely and independently in 
opposite longitudinal directions 
and the exhaust end of the H.P. 
rotor has no resistance to over- 
come in its expansion. The 
L.P. turbine rotor and the 
alternator rotor are joined by a 
solid coupling provided with 
axial clearances which together 
with expansion pieces in the 
hydrogen seals accommodate 
the expansion of the L.P. and 
alternator rotors. 

The moving blades are 
milled out of solid bars, mo- 
lybdenum stainless iron being 
used in the high-temperature 
zones and rustless steel else- 
where. The blading is de- 
signed for impulse conditions 
at the inner diameter of the blading annulus, the 
degree of reaction increasing towards the outer 
diameter. 

The shaft glands, balance piston, and inter- 
Stage packings are of the steel vernier labyrinth 
type. 


i ae 





Fig. 5 —One of the 70 MVA, 11-8 kV 140-7 kV generator-transformers with the marshalling 
kiosk on the left. 
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Oil for the bearings, governor relay and the 
hydrogen seals is supplied by the main oil 
pump, an automatic auxiliary oil pump being 
provided for emergency service. A seal oil 
pump maintains oil supply to the hydrogen seal 
when the set is shut down. 

Throttle governing is used from no load to 
full load, the four governing throttle valves 
being arranged to operate in parallel to give the 
C.M.E.R. at full load. The throttle valves are 
built into the H.P. casing around which they are 
arranged symmetrically to ensure uniform dis- 
tribution of steam which is supplied through 
loop pipes connected to the two emergency stop 
valves mounted on foundation girders. The 
emergency valves are under the same control as 
the throttle valves, both being relay-operated 
from the main governor. The emergency valves 
move in unison with, but at a larger volume 
setting than, the throttle valves, and therefore 
when running below 90 per cent full load, the 
former are always being moved, thus reducing 
the possibility of the valves sticking in the guides. 
Furthermore, at no load, governing is made 
easier for synchronising. 

Superimposed on the speed governor system 
are two devices for enforcing a gradual load 
reduction in the event of either a falling vacuum 
or a falling boiler pressure. In addition, the 
trip gear ensures an immediate and total shut 
down in the event of emergencies such as over- 
speed, oil-pressure failure, vacuum failure, thrust 
failure and certain faults on the generation side. 
Whenever the turbine is tripped from any of these 








causes, an oil-pressure-operated switch and relay 
system disconnects the generator from the bus- 
bars. 

The condensing plant for each turbine con- 
sists of Hick Hargreaves twin condensers with a 
total surface of 47,000 sq. ft. designed for 
28-9 in. vacuum with 40,000 gal. per min. of 
water at 56 degs. F. 


ALTERNATORS. 


The hydrogen-cooled alternators, one of 
which is seen in fig. 1, generate at 11-8 kV, 
50 cycles. The main feature of interest in their 
design is the use of hydrogen as the cooling 
medium. For these machines the pressure within 
the stator is of the order of $ lb. per sq. in. above 
atmosphere. The primary advantage of hydrogen 
cooling at this pressure is the very marked 
reduction in windage loss and since this loss in 
an air-cooled machine may represent up to 
50 per cent of the no-load losses, the substitution 
of hydrogen results in a gain in efficiency of up 
to 1 per cent. Furthermore, the far greater 
thermal conductivity of hydrogen and its capacity 
for carrying away surface heat enables a con- 
siderably greater output to be obtained with the 
same active material. Other advantages accruing 
from the use of hydrogen are that fire hazard is 
minimised, as a 95 per cent hydrogen atmosphere 
will not support combustion, and, finally, the 
machine runs more quietly than an air-cooled set 
owing to the heavy stator casing and reduced 
windage loss. 





Fig. 6.—3-3 kV, 150 MVA metalclad switchgear, forming the unit boards for 
nos. | and 2 sets. 
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THE HYDROGEN-GAS COOLING SYSTEM. 

The hydrogen-gas cooling system is_ self- 
contained with the hydrogen circulation confined 
within the alternator, thereby eliminating any 
external ducting. Fans mounted at each end of 
the rotor shaft force the hydrogen through the 
stator core, winding and rotor. The warm 
hydrogen then passes through the four coolers 
which are built into housings located at the ends 
of the stator. Town water is used in the coolers, 
a closed water circuit being provided in which 
this town water passes through heat exchangers 





where it is cooled by river water before being 
re-circulated. 

The pressure and purity of the hydrogen 
within the machine are automatically controlled 
and measured, while a comprehensive system of 
alarms gives warning of low purity, high or low 
pressure and the presence of water in the alter- 
nator casing. The hydrogen control panel on 
which these instruments are mounted is shown 
in fig. 2. Thermo-couples are provided to give 
temperatures of the gas seal rings, of the ‘ cold ’ 
gas, of the town water inlet to the coolers, of the 
river water inlet to the heat exchangers, as well 
as of the copper and iron at various points in 
the stator. 

The gas coolers are mounted vertically in their 
housings in such a way that no cooling water 
pipes are visible on the turbine house floor. 
They are so arranged that any one can be isolated 
and cleaned with the alternator operating on a 
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reduced load, special flushing valves being pro- 
vided for the purpose. 

Since the stator frame and cooler housings are 
built as separate units, they can be despatched 
separately so that the weight of individual parts 
which have to be handled on site is kept within 
reasonable limits. 


SHAFT GAS SEALS. 

In order to maintain a high degree of purity 
of hydrogen within the machine, and at the same 
time keep the hydrogen consumption to a 





minimum, it is essential to provide an efficient 
gas seal between the rotating shaft and the 
Stationary stator casing. The construction of this 
seal is shown in fig. 3. A collar forming part of 
the shaft is provided on the hydrogen side of 
each of the main bearings. A seal ring with a 
white metal face is maintained in contact with 
the surface of the collar by means of a spring 
and oil pressure, the oil being fed to a small 
annular groove in the white metal face from 
which it flows radially outwards and inwards. 
The inner periphery of the seal ring is not 
grooved but presents a continuous surface to the 
collar and forms a perfectly gas-tight seal so 
long as there is a flow of oil. The seal ring is 
self-aligning and thus maintains a uniform 
pressure on the seal face. Normally the oil for 
the seals is taken from the main oil supply, but 
should this source fail, an emergency oil pump 
is started up through the action of an oil-pressure 
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Fig. 8.—Circuit diagram of nos. | and 2 sets including circuits controlled by the main station metalclad switchboard. 
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switch. An alarm operates if the oil pressure falls 
below a safe minimum. After passing through 
the seals, the greater part of the oil flows into the 
main bearing lubrication system, but any oil 
which may leak to the hydrogen side of the 
seals drains through a pipe of large bore into a 


Fig. 9.—A 1,550 h.p., 3-3 kV, 2,950 r.p.m. squirrel cage motor driving 


one of the boiler feed pumps. 


hydrogen detraining tank where the entrained 
gas bubbles can escape while the oil is in a 
comparatively quiescent state before it is returned 
to the main oil tank. 

The seal described above is noteworthy for 





its gas tightness as is evidenced by the very low 
hydrogen leakage which in service has proved 
to be of the order of 13 cu. ft. of gas per 24 hours. 


EXCITATION. 

Each alternator is excited by a separately 
driven 196 kW exciter set 
which embodies a _ flywheel 
whereby full output is main- 
tained for a short predeter- 
mined time in the event of a 
reduction in the voltage or a 
temporary interruption of the 
A.C. supply to the squirrel 
cage driving motor. 


SUPERVISORY EQUIPMENT. 

Supervisory equipment fitted 
to the steam turbine and the 
alternator provides a continu- 
ous and accurate record of any 
shaft distortion or eccentricity, 
and of speed and alternator 
rotor temperature. Thus any 
irregularities in performance 
are detected immediately and 
steps can be taken to remedy them before 
damage can occur. The indicating and recording 
instruments are mounted on a panel designed 
to line up with, and form part of, the turbine 
control board (fig. 4). 


ig. |10.—The control board for no. 2 boiler. 
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SHAFT DISTORTION AND ECCENTRICITY. 


Shaft distortion and eccentricity are measured 
electro-magnetically. Incorporated in the gover- 
nor bearing pedestal are several magnetic detector 
coils mounted on a gunmetal ring. Rotating 
within the detector coil assembly 1s a disc which 


ver 
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a specially designed quill coupling. The equip- 
ment is designed to give accurate information of 
the turbine speed during the running up period 
and during normal running or overspeeds. 
Separate indicating and recording instruments 
with two linear scales are provided. The first 


Fig. |!1.—Variable speed D.C. motors, 0 356 338 h.p. 0 680 805 


r.p.m. driving induced draught fans. 


is machined integral with the turbine shaft. 
Any movement of this disc relative to the detector 
coils varies the air gap. The resulting change in 
inductance is measured, and provides an indica- 
tion of any relative movement of the H.P. shaft. 

The equipment indicates and records the 
following: 

(1) Axial differential expansion between the 

H.P. rotor and H.P. casing. 
(2) Shaft eccentricity. 
(3) Vertical or horizontal shaft displacement. 


SHAFT SPEED INDICATOR. 


An electrical speed indicator and recorder is 
also provided, using a small high-frequency 


alternator driven from the turbine shaft through. 





scale covers speeds from standstill to about 
2,750 r.p.m., while the second, which is more 
sensitive, covers speeds from 2,700 r.p.m. to 
3,300 r.p.m. The change from one scale to the 
other is automatic, the speed range on which the 
indicating instrument is operating being shown 
by coloured pilot lights. 


ROTOR TEMPERATURE INDICATOR. 

The method of recording the temperature or 
the alternator rotor is based on temperature 
measurement by resistance. The ratio of rotor 
voltage and rotor current is indicated by a slow 
speed motor-driven rheostat, which, under the 
control of a magnetic amplifier and relay, is used 
in a self-balancing circuit. The motor-operated 
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rheostat and relay are housed in a single case 
arranged for switchboard mounting. The 
method of operation ensures that temperature 
indication is not affected by fluctuating load, the 
automatic voltage regulator or transients of short 
duration, while the degree of accuracy on full 
load is within -+- 1 per cent. 


TRANSFORMERS. 


The six main generator step-up transformers, 
each rated at 70 MVA, 11°8 kV/140-7 kV are 
designed for forced oil circulation with air-blast 
cooling, the coolers being situated alongside the 
transformers as shown in fig. 5. On-load tapping 
switches are fitted on the 140-7 kV side, and com- 
plete indicating, alarm and protective devices 
are provided. 

Two 10 MVA, 140-7 kV /3-44 kV station trans- 
formers supply power for the coal and ash 
handling plant, cranes and general services. 
They are arranged for natural oil cooling with 
radiators bolted on the tank sides. On-load tap 
changing is provided on the H.V. side. 

The 44 auxiliary and lighting transformers of 
various ratios and outputs ranging from 500 kVA 
to 6,000 kVA are of the outdoor type with 
natural oil cooling. 


3°3 kV SWITCHGEAR. 


In all, 18 switchboards, totalling 196 units, 
control the 3-3 kV circuits. They are of the 
Company’s standard metalclad design embody- 





see BE on 


Fig. 12.—Rectifier equipment and control gear for the induced and forced draught fans of nos. | and 2 boilers. 





ing vertical isolation features, the oil circuit 
breakers being mounted on withdrawable carri- 
ages to facilitate inspection and maintenance. 
The circuit breakers are rated at 150 MVA and 
are arranged for solenoid operation. The unit 
boards for nos. 1 and 2 sets are shown in fig. 6. 


415 VOLT SWITCHGEAR. 

Throughout the station the 415 volt auxiliary 
supplies are controlled by over 70 air-break 
switchboards of multi-tier cubicle construction, 
a typical board being shown in fig. 7 from 
which the compact construction and pleasing 
appearance are evident. 

The cubicles house circuit breakers arranged 
for horizontal withdrawal, switch fuses or con- 
tactors according to the power to be controlled. 
A simple system of indication shows at a glance 
which breakers are in service and which are in 
the isolated position, while a comprehensive 
system of interlocks guards against mal-opera- 
tion. All parts of the gear are readily accessible 
for servicing and inspection. 


AUXILIARY PLANT. 


For driving the station auxiliaries, nearly 500 
motors are involved representing a total output 
approaching 50,000 h.p. All induction motors 
above 80 h.p. operate at 3-3 kV, the smaller 
machines being fed from the 415 volt supplies. 

For reliability, power for all the turbine and 
boiler auxiliary plant is arranged on the unit 
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system, a circuit diagram being reproduced in 
schematic form in fig. 8. Each alternator feeds 
its own auxiliaries through a 6 MVA unit 
transformer, which supplies the 3:3 kV unit 
board. From the diagram, it will be noted that 
the unit boards for nos. 1 and 2 sets are inter- 
connected and this arrangement is repeated for 
nos. 3 and 4 and nos. 5 and 6 sets. Each unit 
board can also receive a supply from the main 





Fig. 13.—1,100 h.p. 395 r.p.m. variable speed vertical spindle D.C. motors 
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control equipment was supplied by George Kent 
Ltd., the control board being shown in fig. 10. 
With the exception of the induced and forced 
draught fan motors which operate on D.C., 
Squirrel cage motors are used throughout, the 
machines being of the totally enclosed fan-cooled 
type. 

The system of control for the induced draught 
fan motors (fig. 11) and for the forced draught 


i 
Bil 
ut 
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driving the circulating water pumps in no. | pump house. 


3:3 kV station board or feed into that board, 
so that a maximum degree of flexibility in 
operation is attained. 


BOILER FEED PUMP MOTORS, 


Each of the eight electrically-driven feed 
pumps (fig. 9) is coupled to a 1,550 h.p., 
3-3 kV, 2,950 r.p.m. squirrel cage motor arranged 
for direct-to-line starting. These machines are 
situated on the turbine house floor, so that silent 
running is of considerable importance. The 
degree of silence achieved is noteworthy and 
arises largely from the system of ventilation 
employed. Air is forced through the machines 
by a separately-driven fan which together with 
the air inlet and outlet are located below the 
turbine floor. A further factor contributing to 
silent running is the heavy construction of the 
machine and its bedplate which eliminates any 
risk of vibration. The bearings are of the 
pedestal journal type arranged for forced-oil 
lubrication. 


BOILER HOUSE AUXILIARIES. 
The operation of the boiler plant is fully 
automatic to ensure maximum efficiency. The 


fan motors is of particular interest and makes 
full use of the grid-controlled rectifier as a 
source of power for variable speed D.C. motors. 
For each boiler the two forced draught fans 
work as one pair and the two induced draught 
fans as another pair, their speeds being con- 
trolled automatically by servo-power units which 
operate phase shifters and so alter the voltage 
of the rectifiers which supply power to the 
motors. In this way the output of the forced- 
draught fans is adjusted automatically to suit 
combustion conditions, while that of the induced 
draught fans is varied to maintain a predeter- 
mined suction in the boiler combustion chamber. 

The rectifier equipment for numbers one and 
two boilers is shown in fig. 12, the rectifiers for 
the 148 h.p. forced draught fan motors being 
rated at 242 kW and those for the 356 h.p. 
induced draught fan motors at 576 kW. All the 
rectifiers are fitted with field anodes for motor 
excitation. 
CIRCULATING WATER PUMP HOUSE. 

The eight Gwynnes circulating water pumps, 
each of which has a capacity of 2,500,000 gals. 
per hour, are driven by 1,100 h.p. vertical 
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spindle D.C. motors (fig. 13). As the speeds of 
the pumps have to be adjusted according to the 
state of the tide and the load on the station, 
power for each motor is obtained from a grid- 
controlled rectifier rated at 884 kW, 750 volts. 








supplied. Osram mercury lamps are used 
throughout, those for the approach roads being 
250 watts, while 400 watt lamps are installed for 
the main area road, where greater illumination 
is required. 


Fig. 14.—Control desk in no. | pump house. 


The rectifier equipment and 3:3 kV and 415 
volt switchgear are installed in the pump house ; 
the desk from which the pumps are controlled 
is seen in fig. 14. 


LIGHTING. 

For the lighting of the approach road and 
main area roadways, 45 side entry difractor lan- 
terns mounted on 25 ft. concrete columns with 
2 ft. 6 in. projector bracket arms have been 


The installation was undertaken by the 
British Electricity Authority and the London 
Electricity Board. 
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TECHNICAL LITERATURE 


A DIGEST OF RECENT BOOKS, ARTICLES AND PAPERS, BY MEMBERS 
G.E.C. AND ITS ASSOCIATED COMPANIES 


OF THE 


ELECTRICAL EQUIPMENT 
FOR FOOD PRODUCTION. 


Paper read by F. E. Rowland (Agricultural 

Department) at the British Electrical 

Power Convention, 1953. 
The paper, which is copiously 
illustrated, contains a comprehen- 
sive record of electrical equipment 
for agriculture and horticulture. 
Reference is made to the outstand- 
ing contributions made by the 
United Kingdom to new electrical 
equipment in this sphere, and the 
importance of correct application 
is emphasised. The employment 
of trained personnel on sales main- 
tenance and advisory work by 
Electricity Boards is advocated as 
the only effective method of pro- 
moting the use of electrical equip- 
ment on farms. 


ELECTRICAL DISCHARGES IN 
AIR GAPS FACING SOLID IN- 
SULATION IN HIGH VOLT- 
AGE EQUIPMENT. 

By E. Friedlander, Consulting Engineer, 

Witton and J. R. Reed, Witton. 

Proc. |.E.E., Part tla, No. 3, September, /953. 
A description is first given of suc- 
cessful experiments made with the 
application of an insulating sheath- 
ing to exposed parts of the bare 
metal in the overhang of high 
voltage alternators. These experi- 
ments are then expanded to cover 
other phenomena observed with 
discharges between insulated elec- 
trodes and lead to problems of 
discharges in voids. The results 
give some information on the 
effect of harmonics on internal 
discharges which have been ob- 
served to lead to accelerated ageing 
of dielectrics. 


SILICONE RESINS, FLUIDS 

AND ELASTOMERS IN INSU- 

LATION FOR USE AT POWER 

FRE QUENCIES. 

By W.J. Renwick and J. R. Reed (Witton 

Laboratories). 

Proc. 1.E.E. Part ila, No. 3, September, 1953. 
The properties and behaviour of 
some silicone materials of interest 
to power engineers have been 
examined, using mainly British 
Standard methods, or modifica- 
tions of them, so that comparison 
with conventional materials can 
readily be made. These, together 
with the results of accelerated 
life-tests on motors employing 
silicone resins as bonding and 
impregnating media, show that 
such materials are capable of work- 
ing at temperatures at least 
50 degs. C. higher than those per- 


* A limited number of reprints is available of those papers marked with an asterisk. 


missible for conventional insulants. 
Many of the materials also possess 
properties, other than that of 
thermal endurance, which make 
them eminently suitable for specific 
applications. Some of these are 
described, together with some of 
the difficulties encountered during 
limited experience in using the 
materials. 


IMPROVED MATERIALS FOR 

TANK BLOCKS (491).* 

T. S. Busby & J. H. Partridge (G.E.C. 

Research Laboratories). 

Trans. Soc.» Glass Tech., Vol. 36, pp. 131-136, 

1952. 
The structure and composition of 
tank-block materials, especially of 
mullite and zircon-mullite compo- 
sition, are discussed, and a method 
for measuring the corrosion of 
refractories by immersing | cm. 
cubes of the material in molten 
glass is described. 


THE LAUNCHING OF ELEC- 
TROMAGNETIC WAVES ON A 
CYLINDRICAL CONDUCTOR 
(492).* 

R. B. Dyott (G.E.C. Research Labora- 

tories). 

Proc. 1.E.E., Vol. 99, Part ill, No. 62, 1952. 
The transmission of waves along a 
straight cylindrical conductor is 
discussed and an analysis made of 
the method of launching by means 
of a conical horn. It is shown that 
the efficiency of launching depends 
on the horn angle and aperture and 
that the launching loss is probably 
due to the generation of comple- 
mentary waves which dissipate 
their energy as heat in the conduc- 
tor. Details are given of experi- 
ments on a surface-wave trans- 
mission line at a wavelength of 
6-5 cm., and suggestions are made 
for reducing the launching loss. 


THE SEPARATION OF GER- 
MANIUM TETRACHLORIDE 
FROM ARSENIC TRICHLOR- 
IDE BY FRACTIONAL DIS- 
TILLATION (493).* 

H. J. Cluley, and R. C. Chirnside (G.E.C. 

Research Laboratories). 

Jour. Chem. Soc., pp. 2275-2276, June, 1952, 
The separation of germanium tetra- 
chloride from arsenic trichloride 
by fractional distillation of mixtures 
of the two liquids has been studied. 
Efficient fractionation has been 
found to yield in a single treatment 
germanium tetrachloride contain- 
ing only a few parts of arsenic per 
million. - 


IMPEDANCE-MEASURING 
EQUIPMENT FOR THE 50-500 
Mc's RANGE (498).* 


J. E. Houldin (late of G.E.C. Research 
Laboratories). 


Proc. 1.E.E., Vol. 99, Part Ill, No. 62, 1952. 

The theory and operation of an 
equipment developed for labora- 
tory use in the frequency range 
50-500 Mc/s is described. The 
principle of the equipment is to 
compare the modulus of any impe- 
dance with that of a standard 
impedance, namely a 100-ohm 0-1 
watt resistor mounted so as to 
keep the lead length constant and 
at a minimum. From four values of 
impedance moduli determined ex- 
perimentally the resistive and 
reactive components of the un- 
known can be calculated. 

This generalised method of deter- 
mining an unknown impedance can 
be simplified for particular, and 
important, cases, such as the mea- 
surement of high- and medium- 
value resistors, inter-electrode 
impedances of valves, inductances, 
capacitances. Impedances in the 
range |-100,000 ohms can be deter- 
mined. The error in the measure- 
ment of the modulus of an unknown 
impedance is less than + 5 per 
cent., while that of the phase 
angle varies with the value of 
impedance being measured. Exam- 
ples of measurements made on 
resistors, crystal valves, and short- 
circuited coaxial transmission lines 
are given. 


A LOW-TEMPERATURE X- 
RAY POWDER CAMERA (495).* 


N. C. Tombs (G.E.C. Research Labora- 
tories). 


Jour. Sci. Insts., Vol. 29, p. 364, November, 1952. 
A Unicam 19 cm. circular powder 
camera has been modified so as to 
permit streaming of a _ cooling 
liquid, such as liquid air, over the 
rod-type specimen during a photo- 
graphic exposure. The specimen 
projects upwards from the speci- 
men holder located in the camera 
base, and the cooling liquid enters 
the camera through a_ metal 
capillary passing through a light- 
trap in the top of the camera lid. 
Various specimen temperatures 
can be obtained by use of different 
liquefied gases, or of a pre-cooled 
inert liquid. The sharpness of the 
X-ray reflections obtained shows 
that the variation of specimen 
temperature during an exposure is 
not more than 2 few degrees. 


Copies 


may be obtained on application to the Editor, G.E.C. Journal, Magnet House, Kingsway, W.C.2. 
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